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PREFACE. 



In preparing medical students for examination in Physics, 
I have found Granot too large to be used as a text- book. 
Some elementary books on the subject do not contain all that 
is necessary for the student to know. 

I have here endeavored to compile a book which is a mean 
between these two extremes. It contains nothing original. 
With Dr. Chandler's kind permission I have made free use 
of notes upon his lectures delivered at the College of Physi- 
cians and Surgeons, New York. He is in no way responsible 
for my mistakes of statement or quotation. 

Seventeen of the cuts have been reproduced from Gage's 
Elements of Physics, by the special permission of the author 
and the publishers, Messrs Ginn & Co. ; eight cuts have been 
taken from Atkinson's Dynamical Electricity, by permission 
of the author and Van Nostrand Co., publishers ; the other 
cuts are from Ganot's Physics. 

New YofiK, Dec., 1891. 
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Ag is the chemical symbol for Silver. 
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It 


Silver chloride. 


AgCN 
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<( 


Silver cyanide. 


Agl 
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Silver iodide. 


AgNOs 


(( 


(( 


Silver nitrate. 


Al 


(( 
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Aluminium. 


AlsOs 
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(( 


Aluminium oxide, or Alumina. 


As 
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Arsenic. 
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ti 


Arsenious sulphide, or Orpiment. 


An 
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Gold. 


AuGIs 
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It 


€k)ld chloride. 


Ba 
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Barium. 


Bi 
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ti 


Bismuth. 


Br 


ti 
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Bromine. 


C 


It 


it 


Carbon. 


C& 


ti 


ii 


Calcium. 


Ca.Cl% 


ti 


n 


Calcium chloride. 


CaS04 


t( 


tt 


Calcium sulphate. 


Cd 
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it 


Cadmium. 


c. g. is the abbreviation 


of 


Centre of gravity. 


CHa is the chemical 


symbol 


for Me then e. 


(^ffi 
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Methane, or Marsh gas. 


C2H2 


it 
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Ethine, or Acetylene. 


O2H4 
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Ethene, or Olefiant gas. 


CxHx 


ti 


ii 


f Indefinite number of atoms in a 
molecule of CH. 
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Cellulose. 


Ci8Ha(N02)70i5 
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Gun-cottou. 
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Chlorine. 


CO 
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Carbon monoxide. 


OOi 
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Carbon dioxide, or Carbonic-acid 
gas. 








Ci^ 


tt 
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Chromic oxide. 
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LIST OF ABBREVIATIONS. 



Cr3(S04)s is the chemical symbol for Chromic sulphate. 
C5u ** " Ck)pper. 

CuSOi " " Cupric sulphate. 

E.M.F. is the abbreviation of Electro-motive force. 

F is the chemical symbol for Fluorine. 
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Iron. 
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tt 


Ferric iodide. 
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Ferrous oxide. 
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Ferric oxide. 
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Ferroso-ferric oxide, or Magnetic 
oxide. 


FeSOi 
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Ferrous sulphate, or Copperas. 
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Ferric sulphate. 
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Hydrogen. 


HCl 
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Hydrochloric acid. 
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It 


Chromic acid. 


Hg 


tl 


tt 


Mercury. 


HgCla 
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It 


Corrosive sublimate. 


Hg2a2 
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It 


Calomel. 


HNOs 


il 


tt 


Nitric acid. 


H2O 


it 


tt 


Water. 


H2O2 


tl 


It 


Hydrogen peroxide. 


H2S 


tl 


tt 


Hydrogen sulphide. 


H2SO4 


(( 


tt 


Sulphuric acid. 


I 


(t 


tt 


Iodine. 


K 


(( 


It 


Potassium. 


KBr 


(1 


tt 


Potassium bromide. 


KCN 


(( 


tt 


PotARsium cvanide. 


K2Cr207 


11 


tt 


PotAHsium bichromate. 


KI 


tl 


tt 


Potassium iodide. 


KNOs 


It 


tt 


PotARsium nitrate. 


K2S 


tl 


tt 


PotASsium sulphide. 


Li 


It 


tl 


Lithium. 


Mg 


It 


It 


Magnesium. 


Mn02 


It 


It 


Manganese dioxide. 


JT 
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It 


Nitrogen. 


Na 


tt 
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Sodium. 


Naa 


It 


tt 


Sodium chloride, or Common salt. 


NaaO 
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tt 


Sodium hypochlorite. 


Na2Cr207 


tt 


tl 


Sodium bichromate. 


NaOH 


tl 


tl 


Sodium hydroxide, or Caustic soda. 


Na2S 


It 


It 


Sodium sulphide. 
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NatSOi 


Istiie ehemical 1 


tymbcd 


for Sodium snl^uite. 


NHs 
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M 




NH* 
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Ammoniiim. 


NH*01 
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f Ammnninin i^Jilanile, «r Sml am 
moniac 








M H4NOS 
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Ammoniiim nitrate. 


Ni 
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KickeL 


NsO 
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Kitroos oxide, or "Lang^ng gas." 


N,0. 
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Nitric oxide. 
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Oxygen. 


Oj 
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One molecole d oxygen. 
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Onme. 
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Pb 
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Lead. 


PbO 
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PbO, 
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Flombie dioxide. 
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Flombie tetroxide, or ** Bed lead." 


PbSO* 


•< 


M 


Flombie solphate. 
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Antimony. 
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Antimonioos solphide. 


Se 
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Si 
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Silicon. 
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U 
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(( 


Solphor dioxide. 


Sp. gr. 18 


the aibbievuitioii <rf 
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Temperature.* 
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18 the chemical ^mbol for Zinc 


ZnCls 
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Zinc chloride. 


ZnSO* 
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U 


Zinc solphate. 



ESSENTIALS OF PHYSICS. 



BOOK I 



MATTER AND ITS PROPERTIES: SOLIDS, LIQUIDS, 

AND GASES. 



CHAPTER I. 

MATTER AND ITS PROPERTIES. 

What is Physics and its object? 

Physics is that branch of science which treats of the transfer- 
ences and transformations of energy. Its object is the study of the 
phenomena* of matter — those phenomena occumng upon the earth. 
Those outside the earth belong to the realm of astronomy. Chem- 
istry deals with the permanent changes which affect the character 
and nature of matter, such as the decompositions of one body into 
another. 

What is matter ? 

Matter is that which reveals its properties to us by means of our 
senses. It is anything which occupies space or anything that can 
be weighed. 

What is energy? 
Energy is the capacity for doing work. It causes change in mat- 

* " Phenomenon/' a happening ox aipv^«.t«k\\cA. 
2 Yl 



18 ESSENTIALS OF PHYSICS. 

ter, and consists in a transfer of motion from the body doing work 
to the body on which work is done. 

What are the kingdoms of matter? 

There are three great kingdoms — animal^ vegetable, and mineral. 
It is often difficult to draw a sharp line of distinction between them. 

For example, marble is composed of the remains of little animals, 
the coral insects so called. If it is subjected to heat, we have — 



Marble - 



-^. , . f Carbon, 
Fixed air | Oxygen, 

Quickhme \^^^^'^^^ 
I Oxygen, 



carbon representing the vegetable, and calcium the mineral kingdom. 

Describe and define elements and compounds. 

The composition of matter has been determined by chemical 
analysis and synthesis. Should we grind a bit of marble into fine 
powder, the result would be marble still, fine particles of it, but each 
one capable of a chemical subdivision into C, Ca, and 0. No one 
of these three has yet been further subdivided ; no one has taken 
away from calcium anything but calcium. 

The elements or simjyle substances are those which thus far have 
resisted all efforts to break them up into other substances. 

The compounds are those substances which may be broken up into 
others. 

We call the former **our elements," but it must be said they are 
probably compounds only awaiting some method by which they may 
be resolved. 

Seventy or seventy-one elements are admitted, and many others 
have been proposed and will be. 

Many lie in the chemical graveyard. 

Five of our elements are usually gases — 0, H, N, CI, and F. 
Two are liquids — Br and Hg. 

All the others are solids. 

The elements differ in color. Cobalt makes pink ; nickel, apple- 
^reen ; and iron, yellow solutions. Most of the metals have a same- 
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ness in color, yellowish- white, except Au, Cu, and Bi. There is also 
a great difference in their abundance. Oxygen composes | of water, 
^ of the atmosphere, and J of the earth's crust, which may be 8000 
miles thick. All rocks are compounds of oxygen. We know some- 
thing of the outer 50 miles of the earth's crust from the tilting of 
geological strata. 

* constitutes 49.98% of the earth's crust. 



Si 


(( 


25.30% " 


Al 


u 


7.26% " 


Fe 


a 


5.08% '' 


Ca 


(I 


3.51% " '' 


Mg 


u 


2.50% '' '' 


Na 


(( 


2.28% *' " 


K 


(( 


2.23% " ** 


H 


u 


.94% " " 



99.08% 

Titanium constitutes about J of 1 % , and a variety of others about 
T^x! of 1 % . Earth weighs five or six times as much as water. 

What are allotropic elements ? 

The same element may exist in diiFerent forms, and the uncom- 
mon one is called allotropic^ which means the other kind or the 
strange kind; e. g., ordinary oxygen and allotropic oxygen or 
ozone, 0^ and O3. Phosphorus has many allotropic forms ; so has 
carbon in graphite and diamond. 

What are native elements ? 

Elements are usually combined in nature with others, but they 
may occur singly, as copper often does. They are then said to be 
native. 

What are celestial elements ? 

Outside the earth, the sun, meteorites, and asteroids have all been 
analyzed, and they are found to possess "our elements," only in dif- 
ferent combinations from those of earth. Such analyses are made 
by means of the spectroscope. 

* This list also gives the order of frequency in nature of the first seven 
elemente, if Fe and H be omitted. 
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What are the states of matter? 

There are four — (1) solid; (2) liquid; (3) gaseous; (4) Crookes' 
state. 

The first three are fairly represented by earth, water, and air; 
together with fire, the ancients called these "their elements." 
Their alchemy bloomed into chemistry only about one hundred 
years ago. 

No one of the above states is peculiar to any substance. What- 
ever state a substance happens to have depends solely on temper- 
ature and pressure. All matter can appear as a solid, a liquid, or a 
gas, except wood — ?*. e. carbon. 

Every liquid has been solidified and volatilized. Every gas has 
been solidified and liquefied. Air was the last to surrender in 1878, 
when it was reduced to lumps. 

Every solid has been vaporized, even C, but this alone refuses to 
be liquefied, simply because sufficient pressure cannot be used or no 
solvent found for it. If it could be liquefied, diamonds could be 
manufactured. 

What are the characteristics of each state ? 

The distinctive character of solids is that the relative positions of 
their molecules are fixed and constant, and cannot be changed with- 
out the expenditure of some force. Hence solid bodies tend to 
retain whatever form may have been given them by nature or 
by art. 

In the liquid state the relative position of the molecules is no 
longer fixed, but they glide past each other with ease, and the body 
assumes the form of any vessel in which it may be placed. 

In gases there is still greater mobility of the molecules ; they keep 
up an incessant struggle to occupy a greater space ; so a gas has 
neither independent form nor independent volume. 

The general term fluid is applied to both liquids and gases. 

What is Crookes* state ? 

It is an ultra-gaseous state, or that in which the rarefaction 
of gases is pushed to its utmost, and is called Crookes' vacmim. 
Molecular actions, and not molar, come into play. 

By aid of Sprengel's air-pump and chemical means a vacuum is 
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in nttiiosphere. The experiments are a 
ricd on by meuns ut' a radiometer 
(Fig. 1). It consists of a glass bulb 
reduced to an extreme vacuum uf 
air or any gaa. The bulb contains 
on Sl pivot a vane of four radiating 
arms, each carrying a disc of mica 
blackened on one side. Due to the 
radiant action of hcat«d or luminous 
bodies, very unusual phenomena of 
attractions and repulsions are seen. 
Bring a candle-flame near, and in a 
certain degree of vacuum the black- 
ened sides of the discs are attracted, 
and the vane rotates toward the 
light: in a higher state of ra 
faction the same sides are repell 

This whole subject opens up an 
entirely new field for research. 

Name the phjrBioal agentB. 

There are certain physical agents 
or natural forces which act upon 
matter — viz. gravitatiim, Jieal, light, 
magtielism, and electriciti/. Thestudy 
of these practically comprehends the 
whole study of Physics. 

What are the propertiei of mat- 
ter T 
There are four general properties, besides a number of iq>ec!fic 
properties due to molecular arrangement: (1) Impenetrability ; (2) 
Kstension or volume ; (3) Figure or form; (4) Indestructibility. 

(1) Impenetrabilili/ is the property of occupying space exclusively. 
When wo drive a nail Into wood, the iron and the wood do not 
occupy the same space at the same time. Strictly, it is the mole- 
cule which is impenetrable, though Ganot says atom. 

(2) The volume of a body is that property by virtue of which it 
occupies a limited portion of space. E\eTyt\\\ng, Wa N*^\iw\';, ■a^^ 
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this, and impenetrability, are called the essential attributes of mat- 
ter, since they are sufficient to define it. 

Things with us are comparative : we must have standard units of 
comparison, especially for length, and the others follow. Area is 
space of two dimensions, and volume is space of three dimensions. 
The unit of volume is a cube, one edge of which is the unit of 
length. 

What are the units in the metric system ? 

The metre is the foundation of this system, and the deriv- 
atives from the metre increase or decrease by 10 or multiples 
of 10. 

The metre is nnyiJinyTnjth part of the distance from the equator to 
the pole. According to law, it is the distance at if C. between two 
lines engraved on a platinum bar kept in the Paris Ob6en'ator}\ 
One one-hundredth of this, or 1 cm. (centimetre), is about § of an 
inch. These are length units. 

Units of volume and of weight are derived from them. The unit 
of volume is 1 litre : it contains 1000 c. c. (cubic centimetres). 

The gram, gm., is the unit of weight ; Ice. of distilled water at 
4"^ C. weighs 1 gm. 

In this system volumes and weights are mutually convertible, 
hence one of its advantages. One-half litre of water would mean 
500 c. c, and would weigh 5(X) gm. By the Knglish system i quart 
of water would convey no idea of the cubic inches contained nor show 
any relation of weight 

1 metre = 39.37 inches. 
1 centimetre = f inches. 
1000 c, c. = 1 litre = ^ liquid quart. 
1 c. c. of H2O weighs 1 gram = 15.432 grains Troy. 
1:000 gm. = 1 kilogram = 2J lb. av. 

It was once declared by law that a wine gallon should contain 231 
cubic inches of distilled water, but the law did not mention the tem- 
perature. Modem science must be exact. 

(3) Figure follows from the other two. It is the property by vir- 
tue of which matter takes a definite shape. The shape may be a 
fixed one, as with solids, or it may be dependent on the shape of the 
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containing vessel, as in case of liquids and gases. A gas can have 
no definite surface : we cannot have a vessel half full of a gas. 

(4) Indestructibility has nothing to do with the other three. Mat- 
ter cannot be destroyed, but may change its form or appearance. 
Man has not found the means by which matter can be created out 
of nothing or by which it can be reduced to nothing. It is a con- 
stant quantity. Every chemical change can be represented alge- 
braically, and this puts chemistry upon a mathematical basis. 
When charcoal is burned nothing is lost. 

(Charcoal) C + 0, = CO.,. 
12 + 32 = 44. 

The same is true of wood or gunpowder. 

(Wood) CeHjoOs + 60, = 6C0, + 5H2O ; 
(Gunpowder) 3C + S + 2KNO3 = SCO, + K^S + 2N. 

With gunpowder there is an expansion of about 1 part into 275. 

What is the atomic theory or hypothesis ? 

In old Grecian times there were two opposing schools in regard to 
the divisibility of matter, one of which held you could never reach 
a limit, and the other contended that atoms were the ultimate 
division. 

John Dalton came out with the atomic hypothesis in 1807 — called 
"hypothesis" because it is a doctrine founded on theory. This 
theory, aftd this alone, enables us to account for most of the phe- 
nomena of matter. Dalton' s theory presupposes the existence of 
atoms, and is that of definite proportions in chemical combinations^ 
and that atoms have definite weights^ called atomic weights. 

We know that matter can be found in extremely small quantities. 
We can detect the 2o ooo oooo <^h of a grain of salt, and this is itself 
composed of two parts. Forty-one billions of little beings weigh 
a grain. Probably 40 definite chemical compounds exist in each. 
Fifteen hundred of them, placed end to end, would only reach 
across a pin's head. So we are familiar with many small sub- 
divisions of matter without the aid of tVieoiv. 
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What are the divisions of matter ? 

Atoms, molecules, and masses. 

What is an atom ? 

An atom is an indivisible particle of an element, or it is the 
smallest unit of matter recognized as existing. We couldn't have 
an atom of a compound. There are only about 70 different kinds 
of atoms, the combinations of which constitute the universe. 

Atoms combine and ibrm molecules, and these again unite and 
make masses. 

Atoms are usually found in groups, not going around alone, but 
Zn, Cd, Ba, and Ilg may be found as single atoms, especially if in 
a state of gas. An atom of hydrogen does not weigh more than 
Trnnyuiuffniyoth of a grain. Atoms are supposed to be retained side 
by side without touching each other ; neither are any two molecules 
of the universe in contact. 

What is a molecule ? 

A molecule is the smallest part of any substance that can exist 
alone and exhibit the properties of that substance. It is a cluster 
of two or more atoms bound together by chemical affinity — e. g. a 
molecule of sugar contains 45 atoms, Qnllrfiu '- it is sweet and 
exhibits the properties of sugar. Molecules are formed of different 
atoms, as HCl, NaCl, NaClO, KBr, and they can contain any num- 
ber of atoms. There have been catalogued over 1600 organic com- 
pounds, and there is practically no limit. Molecules differ chem- 
ically in three ways: 

1. Kind of atoms, HCl, Agl. 

2. Number of atoms, (OOJ ox^^gen ; ( OOj ozone; FeO, Fc^Oa. 

3. Arrangement. 

CH<N,0 is urea, „ ^ C = 0. 

H 

NH4CNO is ammonium cyanate, ij>') N — — C^^N. 

H 
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These two substances are isomeric — i. e. are composed of tlie same 
elements in the same proportion by weight, and yet form totally dif- 
ferent bodies. 

A molecule by itself couldn't be seen by the best xn\i^im'At\H'. 
Sir W. Thomson has calculated that if a drop of water f;oiild fxj 
magnified to the size of the earth, the water-molecules would then 
appear smaller than an apple. Each molecule is sejmrated S'nnn i(H 
neighbor by inconceivably small spaces, and has a quivering motion, 
rebounding from its neighbors. When we heat a br>Jy we cauw; itH 
molecules to move a little faster and to give harder kn^^^kn, and m^/ 
to push away their neighbors a Uttle ; hence the iiicreai^; in mAt of a 
heated body. 

In solids the molecules are nearer each other than in li/(UJfJii, and 
in liquids nearer than in gases. In mYuXa their motion may U; fAHu- 
pared to that of a man in a dense crfiwd. where it i» m\ttfm\tV*, for 
him to get out, but he may turn or move a little \'rfftn «ide Up huU*,, 

In liquids the motion may be like men movUii( throuirh a *rifWil. 
and in gases like gnats in the air. 

What is a mass I 
A mass is a collection of mokcales apprr^;ia>/l^; \fy i\tH mumm. 

What is porosity? 

From the fact that moleeulesi have nrtfffif^ii/t"A nifH/'*'^ tirtrtiwi 
them, it follows that ms^nieH have fx/r^Ji, 'fltfry nt*-, hif iifio WuAn . 
1. Visible or sensible; 2. Hiy-iral or inff;«ni//|/y;ol;ff. 

Only an imponderable eth^ tisat *^tifT ih*: ht^rHtnoWnUr fHrnn, 
giving the phenomena of h^^at */r Yi/hr, H'rrr»,iJ/^', i^fr*^ a ft; U^\t: 
spaces between psatu^ of the mstm a/rr^/iw* whi/h woU'^rttl^r i'ltfi'tn 
cannot act When wau^ \^^tf^r^^^, ti'fA */t ut^i!"Mrj V'A% thtoiiAt 
leather, it does it by entffrin'j t}>*^', ^^f/'tA^-. \/ff**. if ih*' t>^ftf ^ »r^, 
uf some size, we call thf^j M^, Aii */<; WSmtfAhA \tt tUf. ^if^fti'/c, 
Gold, chalk, lead, iron, ar*: all i^ft'nA 

What is real and apparent roHnu^f 

The r«r/ roloia^ f,f :k v/i>- ,'* fie 'j/*//^ v^'i;*!!/ v/'»<f/»'5'l \fy ih*'. 
matter of which it s» '^^ij//**^! 

The appnremt ^tAntuh 'a fi*e r*fl»# i*Ant$»^r i^itA ilt^-. h/tA 7ff^t$f/t^t of 
its pore& 
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CHAPTER n. 

THE ATTRACTIONS OF MATTER. 

Distingnish chemical and physical forces. 

There are chemical changes and physical changes; the funncr 
take place within the molecule and alter its character. 

Physical changes take place outside the molecule, do not affect it, 
and therefore do not change the identity of the substance. 

So there are chemical and physical forces acting within and out- 
side the molecule. 

What is force } ^ 

It is the tendency to push or to pull which matter possesses. 

What is the attraction or force controlling atoms ? 

It is chemical affinity , also called chenmm and atomic attraction. 
It binds atoms together to form molecules, and is governed by cir- 
cumstances: heat opposes it. It is sometimes very strong, as in 
Si02, quartz rock, or it may be very weak, as in NI3, iodide of 
nitrogen, and in HgC.2N202, fulminate of mercury, substances which 
readily explode. HgO, mercuric oxide, is weak or strong according 
to temperature. 

What are the forces controlling molecules ? 

(1) Cohesion; (2) Repulsion ; (3) Polarity. 

What is (1) cohesion ? 

Cohesion builds molecules into masses, and by its degrees or ab- 
sence we have solids, liquids, or gases. It is greatest in solids, less 
in liquids, none in gases. If once this cohesion is overcome, it is 
difficult to force the molecules near enough together for it to be- 
come effective again. If, however, the two pieces, as of glass or 
iron, be heated, and then pressed together, the molecules will flow 
around each other and the surfaces adhere. This is called welding. 

Name and describe some of the specific properties of matter. 

The modifications of cohesive force give rise to certain special 
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conditions: such are Jiardness, JlexihiUty^ ehistlcity^ hrittlenessy vis 
cosity^ ntalleubllity, ductility^ tenacity, etc. 

Hard)i€S8 is the resistance which bodies oiFer to being scratched 
or worn by others. It is a relative property. Diamond scratches 
all, and is not scratched by any. 

Mohr's Scale of Hardness. 

1. Talc; 4. Fluorspar; 8. Topaz; 

2. Rock salt ; 5. Apatite ; 9. Corundum ; 

3. Calcite; 6. Feldspar; 10. Diamond. 

7. Quartz; 

Many bodies acquire great hardness by a sudden cooling after 
having been raised to a high temperature. This operation is called 
tempering. When glass is heated and slowly cooled it is rendered 
less brittle, and is said to be annealed. 

What is elasticity? 

Elasticity is that property by which bodies recover their former 
shape and volume after having yielded to some force. There is 
elasticity of traction, torsion, flexure, and pressure, according as the 
force pulls, twists, bends, or compresses. Liquids and gases are 
perfectly elastic. Solids are elastic up to a certain limit, which is 
called the limit of perfect elasticity. Beyond this point bodies either 
break or fail to regain their usual form and volume. Any alteration 
in the form of a body due to an applied force is called a strain, and 
the applied force is called the stress. 

Brittle substances are those which break under a stress before 
there is any permanent alteration in their form. 

Viscous substances are those which suiFer a permanent change in 
form when subjected to a stress for a considerable time ; e. g. sl stick 
of sealing-wax with a weight suspended from its centre. 

What is tenacity? 

Tenacity is the resistance which a body offers to the total sepa- 
ration of its parts. It varies with the form of the body. 

The quantity of matter being the same, a hollow cylinder has 
greater tenacity than a solid one, and the strength of this hollow 
cylinder is the greatest when the ratio of its external radius to its 
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internal radius is as 1 1 to 5. A cable is stronger than a chain of the 
same weiirht. The round, hollow stalk of grain is more resistant to 
the wind than a flat blade of grass. 

Deicribe ductility and malleability. 

Some substances seem to possess a certain amount o^fluiility ; i.e. 
tlieir molecules may be displaced without overcoming their cohesion. 
When a solid possesses sufficient fluidity to allow of its being drawn 
out or pushed out into threads, it is said to be ductile. 

Mfdfexthiiity is that form of ductility which is exhibited by ham- 
mering. The same substance does not usually possess these twu 
properties to the same degree. 

Platinum is the most ductile metal, but is only seventh in rank of 
malleability. WoUaston obtained a platinum wire jtsjs^js ^^^^ in 
diameter. Gold is the most malleable metal ; it can be hammered 
so thin that 1800 sheets would only make a laver as thick as this 
printed i)age. 

In order to be ductile and malleable a body must be tenacious, 
but not all tenacious bodies are ductile. 

What is (2) repulsion ? 

Repiihtifm is the absence of cohesion, and is a property of gases. 
Their molecules are continually hitting and repelling each other. 
They resemble a coiled spring ready to relax as soon as pressure and 
confines are removed. Place an india-rubber bag partly filled with 
air under the receiver of an air-pump. As the vacuum increases 
the expanding air in the bag may burst it. Ordinarily, this internal 
pressure is exactly counterbalanced by an equal outside pressure of 
one atmosphere. Aeronauts sometimes forget this, and if they 
reach too great a height with a balloon filled with H gas, the outside 
air may be so rarefied, and the outside pressure be so removed, that 
the balloon will burst. 

What is diffusion ? 

Many pairs of liquids do not mix with each other, but every gas 
mixes with or diffuses into every other gas, and it is impossible to 
prevent them if they are placed in contact. Owing to their property 
of repulsion they will not remain separated, a lighter resting on a 
heavier, as oil upon water, but they mix like alcohol and water. 
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There are many heresies in chemistry : there are no layers of car- 
bonic-acid gas in a room, and no such thing as stratification of 
gases. If so, on the earth's surface would first come a layer of 
CO55 about nine feet thick, destroying all animal and vegetable life. 
Next would come a layer of oxygen, and next nitrogen ; then am- 
monia and other gases according to their specific gravities. We 
would have to take to the hills to prevent drowning from the 
poisonous gases, and if we got too high we should have no oxygen. 

Whatis (3) polarity? 

Polarity * is that attraction of molecules which produces crystals. 
Dissolve sugar in boiling water and let it cool, and some of the 
sugar separates as crystals, called rock candy. The heat and solu- 
tion destroy for a time cohesion and allow polarity to act. 

Nearly all chemical substances crystallize into some geometric form 
in passing from a liquid to a solid state. It is not surprising that 
this new arrangement of molecules should occasion either an increase 
or a diminution in the volume of the mass. Water expands on 
solidifying, so do cast iron and type-metal ; hence these metals can 
be cast in moulds. 

Gold, silver, and copper contract on solidifying from a molten 
state, and so when used for coins they must be stamped. 

What is amorphism ? 

The Opposite condition of cr3^stallization is amorphism : the 
arrangement of the molecules is without method or structure; 
e, g. in chalk, glue, charcoal. 

What are the forces controlling masses ? 

(1) Adhesion; (2) Gravitation. 

What is (1) adhesion? 

Adhesion is a misused word, used diiFerently by different authors. 
It is that force which binds together the surfcuces of masses when in 
contact. Uniting surfaces, it can hardly be considered a molecular 
force. 

Adhesion and cohesion run into each other. Adhesion may take 
place (a) between solids of like or unlike kinds ; [h) between solids 
and liquids ; (c) between solids and gases. 

* Do not confound this polarity with the polarity of magnetism. 
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(a) Familiarly seen between two polished pieces of lead or glasa 
In case of glass the adhesion may be so strong that the pieces break 
before they separate. As this occurs in a vacuum, it cannot be due 
to atmospheric pressure. Glue and gelatin have wonderdd adhesive 
powers, so strong that they can pull fragments of glass out of a solid 
plate. Without adhesion we could not pick up anything, driven 
nails would not hold their places, and buildings could not be erected. 

(/>) Kerosene oil is veo' adherent to sohds, also water to solids. 
When we carefully raise a board from the surface of water without 
tilting, the force we overcome is not the adhesion of water to wood, 
but the cohesion of two layers of water, one of which remains on 
the under surface of the board. 

If a liquid adheres to a solid more firmly than its molecules co- 
here, then the solid is wet by the liquid. Glass is wet by water or 
alcohol, but not by Hg, for in the latter case the cohesion of the Hg 
molecules is greater than their adhesion to the glass. But Hg wets 
lead and goes through it: a solid stick of lead can be used as a siphon 
for Hg. 

A certain liquid will dissolve a certain solid only when the adhe- 
sion of the two is greater than the cohesion in the solid. 

(c) If a glass plate be immersed in a liquid, bubbles will be seen 
to appear on its sides. They could not come from the pores of the 
plate, but from a layer of air which covered the plate before im- 
mersion. 

This adherence of gases to solids is seen in electrical batteries or 
in the absorption of air and other gases by charcoal. 

What is (2) gravitation ? 

Gravitation is the attraction of masses for each other, and is ex- 
erted on all matter at all distances. It is said to act at all distances 
greater than ^x^inr of an inch, molecular forces acting at distances 
less than that. 

The whole force with which two bodies attract each other is the 
sum of the attractions of their atoms or molecules. 

Terrestrial gravitation is only a particular case of universal gravi- 
tation, often called gravity for short. 

What are the laws of gravitation ? 
Sir Isaac Newton established these two laws: 
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(1) The attraction between two material particles is inversely pro- 
portional to the square of their distances asunder. 

(2) The attraction between two material particles is directly pro- 
portional to the products of their mxisses involved. 

Briefly expressed : The attraction is inversely as the square of the 
distance and directly as the mass. 

( 1 ) If the distances between two bodies be increased from 1 to 2, 
3, or 4, the attraction would be diniinislied by the J, J, or ^ part 
of its former intensity. 

(2) Given two opposing bodies, and let the mass of one be dou- 
bled or tripled, the attraction between them will be doubled or 
tripled. If one mass be doubled and the other tripled, the distance 
remaining the same, then the attraction is six times as great as 
before. 

The earth not only attracts the apple, but the apple also attracts 
the earth ; it is mutual. There is great attraction between the moon 
and earth, so that tides of the ocean are produced from the force 
exerted by the moon, and the moon is kept within a certain orbit 
from the force exerted upon it by the earth. 

The velocity of a person on the equator is about 1000 miles per 
hour, yet he doesn't fly off". Loose things on the earth's surface 
remain there, held by gravity. 

There is no kind of matter which is opaque to gravitation (same 
is true for magnetism), neither does distance destroy it. 

What is meant by the centre of gravity? 

The centre of gravity (c. g. ) of a body is a certain point through 
which the resultant of the attracting forces between the earth and 
its several molecules alwa3^s passes. It may be within or without 
the body, according to its form. For many purposes the whole 
weight of a body may be supposed to be concentrated at its c. g., 
and in order to support a body it is only necessary to support this 
point. 

The vertical line drawn through the c. g. is called the line of 
direction. Whether a body stands or falls depends upon whether 
or not its line of direction falls within its base. The I^eaninff Tower 
of Pisa continues to stand because this vertical line through its c. g. 
passes within its base. 
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To find the c. g. of any body is a purely geometrical problem. In 
regular figures with uniform density, as a circle, sphere, triangle, 
etc., it may be at once determined. 

To find it experimentally, suspend the body by a string in two 
different positions, and the point where the directions of the string 
in the two experiments intersect is the c. g. 

What are the three states of equilibrium ? 

A body always tends to assume a position such that its c. g. will 
be as low as possible; from this fact we may distinguish stable, iin- 
stable, and neutral equihbrium. 

A body is in stable equilibrium if its condition is such that a dis- 
turbance would raise its c. g. , in which event it would tend to re- 
sume its former position. It is in unstable equilibrium when a 
disturbance would lower its c. g. : it would not return to its former 
position. It is in neutral or indifferent equilibrium when it rests 
equally^ well in any position ; e. g. a sphere. 

Fig. 2. 




Its c. g. is neither raised nor lowered by a change of base. In 
Fig. 2, A, B, and C illustrate in order these three varieties. 

What does " up " and " down " mean? 

These terms are derived from the attraction between the earth and 
terrestrial objects. "Down " is the direction a body takes moving 
in consequence of gravity, and it goes in a vertical or plumb* line. 
"Up" is the reverse direction. 



* " Plumb," from plumbum, because a piece of lead tied to a string is 
used to find this line. 
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What is weight? 

Gravitation is the best measure for mass that we have. Mass 
means quantity of matter. Volume is not an efficient measure, as 
it varies with heat and density. The weight of a body means the 
numerical value of the mutual attraction between it and the earth. 

There are arbitrary units. In weighing things the first law of 
gravitation in regard to distance is disregarded, and only the ques- 
tion of mass comes in. 

A balance is simply a machine by which gravity is made use of to 
compare masses. 

The unit of weight must be compared with a mass at the same 
place or altitude, and is for sea-level. 
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CHAPTER m. 

MATTER, FORCE, AND MOTION. 

How do forces manifest themselves ? 

Forces manifest themselves by the changes which they produce, 
or tend to produce, in the motion of matter. A convenient unit of 
force used in this country is the attractive force of the earth. 

Describe motion and velocity. 

Motion and rest are relative terms : there is no absolute rest in 
3 
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the universe. Not only is there always motion of the mass as a 
whole, but motion of the molecules within it. 

All motion takes time : hence the term velocity ^ which refers to 
the space traversed in a unit of time. Motion may be uniform or 
varied — uniform when an object traverses successively equal spaces 
in all equal inten'als of time ; varied when unequal spaces are trav- 
ersed in equal intervals. Varied motion may also be accelerated or 
retarded. 

State and apply Newton's First Law of Motion. 

The relations between matter and force are expressed in Newton's 
Three Laws of Motion : 

Ist Law. — A Jmdy at rest reniaim at rest, and a body in motion 
moves toith uniform velocity in a straight line, vnJess acted upon hy 
some external force. This last clause is all that prevents perpetual 
motion. 

A body cannot be isolated from such external forces as gravity, 
friction, and resistance of air. 

What is inertia? 

This first law covers a negative property of matter called inertia. 
Inertia is the inability of matter, of itself, to change its state of 
motion or of rest. We see practical illustrations of this daily. The 
athlete runs to the broad jump, so that the inertia of his body may 
aid his muscular efforts. The severest accidents on railway cars are 
chiefly due to inertia. The slow pressure of a finger will set a heavy 
door in motion ; the sudden pressure of a pistol-ball will penetrate 
it without moving it. 

What is the Second Law of Motion? 

A given force has the same effect in producing motion, wJiether the 
body on which it acts ts* in motion or at rest — whether it is acted on 
hy that force alone or hy others at the same time. 

What is the composition of forces ? 

The problem of finding the resultant when the components are 
given is called the composition of forces. 

Describe the method. 
A force whose effect is equivalent to the combined effects of sev- 
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era! other fanea is oJled their rcaJiatd, and the otho* forces are 
termed components. The resakant is found fay means of the panil- 
Idogrcan of forea. The resakant of two 
forces acting at an angie to each other is al- ^>b- ^ 

ways a diagonal of a panJldogrun of which 
the compon^rts form two adjaeent side& In 
Fig. 3 let P and Q be two forces acdng on 
the point A, and take A B and A C as repre- 
senting their direction and magnitude. Com- 
plete A 6 D C, and draw the diagonal A D. 
This last line or singje force R, acting along 
A D, is eqnal to the two forces P and Q act- 
ing along A B and A C. 




What is leioliition of finreesl 

Here we have given the resultant and one of the components, to 
find the other one. Constroct a parallelogram as before, and the 
side starting fiom the junction of the two given lines will be the 
required component 

What is a couple ? 

Two equal parallel forces acting toward contraiy parts constitute a 
couple : they produce rotation, and cannot be balanced by any single 
force whatever. 

How is cnrviliiiear motion produced? 

When a body is once in motion, unless it is acted upon by some 
other force, it will move uniformly forward in a straight line with 
unchanged velocity. If, therefore, it moves in any other path, as a 
circle, it must be due to some force which continually deviates it 

In swinging a stone in a sling, if the string be cut or loosed, the 
stone will move off in a straight line, which is a tangent to the curve 
it was describing. The tension on the string which pulls the stone 
toward the centre of the circle and makes it describe a circular path 
is called the centripetal or centre-seeking force. Tlie reaction of the 
stone on the string which is ec(ual and opi>osite to the above force is 
the centrifugal or centre-fleeing force. Tliis latter is made use of in 
laboratories to separate liquors from crystals, in sugar-factories to 
purify sugar of sjTUp, and in laundries to divy clothes. The centrif- 
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ugal foroo at the C(iuator is greater than at the poles, and it tends 
to neutralize somewhat the force of gravity. From this eau^ it is 
calculated that a body weighs about ^l^ less at the equator than at 
the poles. 

Due to the flattening of the earth at the poles, the polar diameter 
being 20 miles shorter than the equatorial diameter, a body on the 
e<iuator is farther away from the centre of the earth, and again 
weighs less by about yj^j. ^i^ + ^^js = yjj less attraction at the 
e<iuator than at the poles. 

Daioriba aooalarated motion. 

The most familiar example is that of falling bodies. A single eon- 
Htant foive like gravity, encountering no resistances, always has a 
uniformly accelerated motion: it causes the same increase duriiv; 
each 8ul)8e<]uent unit This value, called g, is found to be 9.8"', or 
a2.1912fl. forLcmdon. 

A body in falling from rest starts with velocity, and ends the 
first second with O.S"*' velocity; consequently it would fall during 
that soiH)nd only one half of 9.8"*, or 4.9"-, or 16^ ft. 

Tlio veliHMty at the end of any second is 9.8™- more than it was 
at the end of the last second ; at the end of the second second it 
would be 2 X 9. S- =19.6-, and so on. y = gT, The formula 
for spaoo tnworsoii is S = \g T". If a body falb for four seconds, 
its mto of sjkhhI at the end of the time will be 9.8"- X 4 = 39.2* 
(H>r second. The distani'o fallen will be 

i X 9.8*- X 4* = 4.9-- X 16 = TS.4-- 

To nnighly dctennim^ the depth of a well or the height of a diff 
dn>p a i^bl^"" from the top and note the time until it strikes the 
UutouK Stpiare the number of seconds noted and multiply by i^t 
which is 16 feet. 

Does mass aftct Telocity in a Mliiig body! 

The vekxity of a fallinjr bod^v is imlependent of its mas& It wobU 
seem th^t a htvuvv body should fkll fksior than a light one, but it 
doesii'u Galikx) was the first to prvve this. 

Gravity attrkots all manor ahke, Init the aU>ve ks strictly true odtf 
in a viKniuNL 
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There all bodies fall with equal velocities, and a stone of any 
weight will fall no faster than a feather. 

What does a vibrating pendulum indicate? 

The force that keeps the pendulum vibrating is gravity. Were it 
not for friction and resistance of air, it would never cease vibrating 
if once set in motion. 

It is found that the time of vibration is inversely as the square 
root of the force of gravity. 

What is a second pendulum? 

It is a simple pendulum, 39.13983 in. long, whose time of oscilla- 
tion * at Greenwich is 1 sec. It must have a slightly different length 
at other places. 

What is the Third Law of Motion? 

To every action there is an equal and opposite reaction. 

What is momentum? 

Momentum means quantity of motion, and its numerical value is 
the product of the mass by the velocity. A large mass moving 
slowly has great momentum ; so may a small mass have if it moves 
swiftly. 

When the apple falls, the earth does not appear to rise toward the 
apple, but the momenta of the two are equal ; only the motion of 
the earth is imperceptible, as its mass is so great, while the motion 
of the apple is considerable, as its mass is so little. 

The explosion of powder in a gun produces opposite and equal 
reactions. The recoil of the gun, fortunately, has not the velocity 
that the bullet has, because its mass is so much greater, but its mo- 
mentum equals that of the bullet. 

What is a machine ? 

A machine is an apparatus by means of which power can be ad- 
vantageously applied to resistance. The work applied to a machine 
is equal to the work done by the machine. No machine, therefore, 
creates or increases energy. Like a bank, it pays out no more than 
it receives — practically not as much, for the work done is divided 

* One oscillation here means a single swing, and not a return. In 
speaking of sound, one vibration means a motion to aud Cxq. 
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Fig. 4 




into two parts, a mefnl part or effective work, and a wasted part or 
internal work. This latter is transformed by friction into heat. 

What is a lever? 
A lever is any bar, straight or curved, resting on a fixed support 

called the fulcrum. The forces acting 
are the weighty W, or resistance, an*] 
the power, P. 

The distances from the riorum to 
the points of application of P and W 
are called the amin. The relation of 
the power to the weight is the inverse 
ratio of their arms (Fig. 4). P : Q : : 
d). ca. P X ca = Q X c^. 

What kinds of levers are there? 

Levers are divided into three classes, 
according to the position of the ^Icruni. 
In the first Icind F (fulcrum) is be- 
tween P and W, as in a poker or steelyard or in motions of the 
head. 

In the second kind W is between F and P, as in a wheelbarrow, 
or the tendo Achillis in raising the weight of the body on the toes. 
In the third kind P is between F and W, as in case of biceps 
attached to radius moving the forearm. 

1st kind, P. F. W. ; 
2d *' P. W. F. ; 
3d '* W. P. F. 
What is work? 

When a force produces acceleration, or when it maintains motion 
unchanged in opposition to resistance, it is said to do work. 

What are the units of work? 

The unit of work in this country is the foot-pound, which means 
the quantity of work done in lifting 1 pound through a height of I 
foot. 

This unit is not exactly invariable, since the weight of a pound, 
and therefore the work done in lifting it, differs at different plac^ 
being a little greater near the poles than near the equatiQr. . In tjie 
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metric system the kilogrammetre is the unit. It is the work done 
when the weight of 1 kilogram is raised through the height of 1 
metre. It equals 7.24 foot-pounds, and 1 foot-pound equals .1381 
kilogrammetre. 

It will be noticed that these units have no relation to time, the 
work done being the same whether it is done slowly or quickly. But 
in estimating the usefulness of any motor time must be considered. 
The amount of work per second or minute is the power of a motor. 

What is meant by horse-power? 

In measuring the power of engines and the like the unit is a 
horse-power, which represents a rate of work of 33,000 foot-pounds 
per minute, or 4570 kgm. per minute. 

What is the C. G. S. ssrstem and its units? 

For measurements of force and work many use the C. G. S. sys- 
tem — I. c. centimetre, gram, and second — ^while others use the foot, 
pound, and second. 

In the former the unit of force is called the dyne; that is a force 
which acting for a second will give to a gram of matter a velocity of 
1 cm. pOT second. This unit is constant wherever we go on the 
earth or above it. The gravity unit of force is any unit of mass, a 
gram, pound, or ton, and is variable. 

The unit of work is the erg. This is the work done by 1 dyne 
acting through the distance of 1 cm. 

What is energy? 

Energy, as elsewhere stated, is the capacity for doing work, and 
the quantity of energy that a body possesses is measured by the 
work it can do. 

What is the difference between momentum and energy? 

We have two measures of the effect of a force — momentum and 
energy. When mass remains constant, momentum is proportional 
to velocity, and energy is proportional to the square of the velocity. 

In case of the bullet and gun the momenta of the two are equal, 
but the energy of the bullet is 133 times that of the gun. 

Also, momentum may be found by multiplying the force by the 
time it acts, and energy by multiplying the force by the space 
through which it acts. 
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What are the two kinds of energy? 

Tliere is inttentiah or energ)' of position, and kinetic^ or energy of 
motion. The funiicr \» possessed by a mass in consequence of woric 
done upon it ; it has an advantage of position or stored-up energy. 

A stone on the earth is devoid of energ>', but if it be raised to a 
height and pro|)erly attached to a cord passing over a pulley, it may 
be made to turn a wheel, etc. The work done in raising the stone 
is paid back when descending. As it descends its potential energy 
becomes actual or kinetic. 



CHAPTER IV. 
LIQUIDS.- HYDROSTATICS. 



What is the province of hydrostatics? 

Hydrostatics tn^ats of the condition of equilibrium of liquids, and 
of the pressure they exert. 

It has already been seen that liquids arc bodies whose molecules 
arc displaced by the slightest force. They are fluid, but to a less 
degree than pases. They practically know nothing of compress- 
ibility and are correspondingly inexpansible, while gases are emi- 
nently compressible and expand spontaneously. 

For a long time it was thought that liquids could not be com- 
pressed. It is found, however, that water under a pressure of one 
atmosidiere contracts .0000457 of its volume. Air under the same 
circuinstances contracts one half. 

It would rci^uire 200,000 atmospheres to double the density of 
water ; hence water at the bottom of the sea is not much more dense 
than upon the surface of the earth. To whatever compression a 
liquid may be subjected, it can be proven that there is an equal ex- 
pansion ; hence it is true that liquids are perfectly elastic. 

What is Pascal's law? 

Pascal established a law for equality of pressures not due to action 
of gravity : 

Pressure exerted anywhere upon a mass of liquid is transmitted 
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tiadiminahed in nS rilrtelioH*, anil nets witk ihe name fon 
eqmtt surffierx ami in a iUrfclioii at right augla to tlui*c 

Imugine a vessel wilh several eqaal-siKeJ 
apertures, each filted with a uovable piKlan ^''"- • 

(Fig. 5). Upon A place a weight, Bay of 5 
lb. ; then a 5-lb. preasure will be tranamilted 
to the iacc of each piston. Again, siipposo 
IJiia vessel have only two apertures, and let 
the area of A be 30 eq. in., and ihat of B I 
aq. in. Then if we place 2 lb. on B, it will 
require 60 lb. on A to maintain the eqiii- 
libriura ; a pressure of 2 lb. is transuitted to 
each of the 30 sq. in. of A. 

Describe the hydraulic press. 

The application of this principle is seen in the hydmuli 
static press. The discovery of the principle 'm due to Pascal, 




hydro. 
Lu( (ho 
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A iit a Huutiun- iiml rorcc-jiuiiip i.-<)niit.>ctv(] liy n lead pipe to the cylin- 
ilor H. Tiio prcNHiin! wliieli win Iw cxcrteU deiiends u|>on tlie rtlii- 
liiin Iwtwutm tliu ttiirliict-H ut'iliu jiiBtuim t'lmilT). If P lius a trauti- 
vc^rw! Motiiuii ul' ItKi tiiiiuH tliiit ut' p, then tlic ujiward pressure on 
IIm! luTjEU iilntun will be 1(N) times tliat upon the ituall ooa A uiiiii 
)iiif[lit Cixvrt no \h. premuro on the end of the lever M, which from 
ilH leiiulh iLiid piwilitJii of fnl<Tiiin mipht be effective as SOU lb. on 
llie Hniall piNtnii ; llien the fbrw excrt«d on the bales to be pn.'SKC.l 
wiiiiKl Iw :iO,(H)0 lb. 

Hiich a pTOHs is iised in eonipruitsinK paper, hay, or cotton, in cx- 
tmelJiiK juices, betuliiiK iron |)lutoi, testing cables, etc. The prio- 
ciplu finds many uses in upctiiug docL-gatcs and in hotel or ware- 
huuHO elevators. 

Illiutrate how liqoida exert pressare by gravity. 

I'reHHnra exerted by a li(|uid in virtue of its own weight — i, e. by 
fonw of Knivity alone— is imli^niteiU of the shape of the vend mid 
of llw <iu<iulitii ofli'ipiid, bill ilri>eiuh on the depth and denrityofthe 
liquid. Take three \esMi;U, M, I', Q (Fig. 7), of same depth and 



same area at base, but of different capacities. Let a disc (a) 
altiicbed by a string to a scale-beam serve as the base to M. Pour 
water into M, and note the dcptti of tbe water and the- weighls in 
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the scale-pan when the disc is forced off. Replace M by Q, and it 
will be found necessary to fill this vessel to the same height as the 
other one, with same weights in pan, before the disc drops. Same 
result will be found for P. 

The fact that the pressure on the bottom of a vessel does not de- 
pend on the shape of the vessel, or even on the amount of liquid, 
is called the hydrostatic paradox. With a funnel-shaped vessel 
the pressure on the bottom is less than the weight of the contained 
liquid ; with an inverted funnel-shaped vessel the pressure on the 
bottom is greater than the weight of the contained liquid. 

How may a small amount of liquid produce great pressure? 

Take a cask filled with water and fit a long tube into one end. If 
water be poured into the tube, there will be a pressure on the bottom 
of the cask equal to the weight of a column of water whose base is 
the bottom itself and whose height is that of the water in the tube ; 
/. e. the pressure on the bottom is just as great as it would be if the 
sides of the cask had been continued up to equal the length of the 
tube and this whole cylinder filled. 

Pascal succeeded in bursting a very solid cask by a narrow thread 
of water 40 feet high. 

What is the hydrostatic bellows ? 

This apparatus consists of an air-tight vessel with leather sides, 
whose interior communicates with a small vertical tube. A person 
standing on the bellows can raise himself by filling the tube with 
water or even by blowing into the tube. 

How is the equilibrium of liquids illustrated? 

The surface of a liquid at rest is level, or, commonly expressed, 
we say, " Water seeks its lowest level." The principle is illustrated 
in the " water level " used by surveyors, in the spirit level used by 
carpenters, in the method of supplying water to cities, and in 
artesian wells. 

What is an artesian well? 

It takes its name from Artois in France, where these wells were 
first used, though perhaps they had been dug in Egypt and China 
in remote times. 
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the universe. Not only is there always motion of the mass as a 
whole, but motion of the molecules within it. 

All motion takes time : hence the tenn velocity^ which refers to 
the space traversed in a unit of time. Motion may be uniform or 
varied — uniform when an object traverses successively equal spaces 
in all equal inten^als of time ; varied when unequal spaces are trav- 
ersed in equal intervals. Varied motion may also be accelerated or 
retarded. 

State and apply Newton's First Law of Motion. 

The relations between matter and force are expressed in Newton's 
Three Laws of Motion : 

1st Laio. — A body at rest remains at rest, and a body in motion 
moves toith unifoimi velocity in a straight line, unless acted upon by 
some external force. This last clause is all that prevents perpetual 
motion. 

A body cannot be isolated from such external forces as gravity, 
friction, and resistance of air. 

What is inertia? 

This first law covers a negative property of matter called inertia. 
Inertia is the inability of matter, of itself, to change its state of 
motion or of rest. We see practical illustrations of this daily. The 
athlete runs to the broad jump, so that the inertia of his body may 
aid his muscular efforts. The severest accidents on railway cars are 
chiefly due to inertia. The slow pressure of a finger will set a heavy 
door in motion ; the sudden pressure of a pistol-ball will penetrate 
it without moving it. 

What is the Second Law of Motion? 

A given force has the same effect in producing motion, wJiether the 
hody on which it acts is in motion or at rest — whether it is acted oh 
by that force alone or by others at the same time. 

What is the composition of forces ? 

The problem of finding the resultant when the components are 
given is called the composition of forces. 

Describe the method. 
A force whose effect is equivalent to the combined effects of sev- 
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eral other forces is called their resultant, and the other forces are 
teraied omnponents. The resultant is found by means of the paral- 
Mogrofin of forces. The resultant of two 
forces acting at an angle to each other is al- ^®« 8. 

ways a diagonal of a parallelogram of which 
the components fonn two adjacent sides. In 
Fig. 3 let P and Q be two forces acting on 
the point A, and take A B and A C as repre- 
senting their direction and magnitude. Com- 
plete A B D C, and draw the diagonal A D. 
This last line or single force R, acting along 
A D, is equal to the two forces P and Q act- 
ing along A B and A C. 

What is resolution of forces ? 

Here we have given the resultant and one of the components, to 
find the other one. Construct a pamllelogram as before, and the 
side starting from the junction of the two given lines will be the 
required component. 

What is a couple ? 

Two equal parallel forces acting toward contrary parts constitute a 
couple : they produce rotation, and cannot be balanced by any single 
force whatever. 

.How is curvilinear motion produced? 

When a body is once in motion, unless it is acted upon by some 
other force, it will move uniformly forward in a straight line with 
unchanged velocity. If, therefore, it moves in any other path, as a 
circle, it must be due to some force which continually deviates it. 

In swinging a stone in a sling, if the string be cut or loosed, the 
stone will move off in a straight line, which is a tangent to the curve 
it was describing. The tension on the string which pulls the stone 
toward the centre of the circle and makes it describe a circular path 
is called the centripetal or centre-seeking force. The reaction of the 
stone on the string which is equal and oi)posite to the above force is 
the centrifugal or ccntre-flceing force. This latter is made use of in 
laboratories to separate liquors from crystals, in sugar-factories to 
purify sugar of syrup, and in laundries to dry clothes. The centrif- 
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Tlie possibility of these wells depends upon the kind and direction 
bf the strata of the earth : one permeable to water, as sand or 
gravel, should lie between two impermeable ones, as of clay. The 
rain falling on that part of the permeable layer which comes to the 
surface, called outcrop, filters through it along the tilting of the 
strata, and collects in the hollow of a basin confined by clay layers 
above and below. 

If a vertical hole be sunk down to this water-bearing stratum, the 
water, striving to regain the level of its source of supply, will either 
spout out of the well or rise in it a certain distance. London, Paris, 
and Vienna can get good artesian water, as these cities arc in basins. 
The strata under New York arc nearly vertical ; so wells here are 
not successful. One was bored to a depth of 3000 feet in St. Louis, 
without result. 

What pressure is supported by a body immersed in a liquid? 

If we slowly lower a piece of metal attached to a string into a 
vessel of water, we notice its weight gradually becomes less until it 
is completely submerged ; on withdrawing it it seems to regain its 
former weight. In the water it seems as though something were 
pressing up against it. This lifting power is called the buoyant 
force of fluids. 

When a solid is immersed in a liquid, every portion of its surface 
is submitted to a perpendicular pressure which increases with the 

depth. Let us imagine the cube A B immersed 
'°" in water (Fig. 8). The pressures on the four 

vertical sides are evidently in equilibrium, so we 
will only consider the horizontal sides. The face 
A is pressed down by a column of water whose 
base is A and height is A D. The face B is 
pressed upward by a column of water whose base 
is B and height is B D (" pressure being trans- 
mitted undiminished in all directions." — Pascal s 
Laic). 

The whole solid, therefore, is pressed upward 

by a force equal to the difference between these 

two pressures, which is manifestly BD — AD = AB ; ?*. e. it is the 

weight of a column of water having the same volume as the cube. 




LIQUIDS.— HYDROSTATICS. 



45 



What is the principle of Archimedes? 

The preceding discussion proves that every body immersed in ts 
Uquid is submitted to the action of two forces — viz. gravity, which 
tends to lower it, and buoyancy, which tends to raise it. The weight 
of the body is either partially or totally overcome by its buoyancy. 
Archimedes, a philosopher of Syracuse, discovered this principle in 
connection with Hiero's crown. It is generally expressed thus : A 
body immersed in a liquid loses a part of its weight equal to the 
weight of the liquid displaced. 

This may be shown by the hydrostatic balance (Fig. 9). The 
beam being raised by the toothed rack, a hollow brass cylinder A is 
suspended from one of the pans, and below this a solid cylinder, B, 
whose volume is exactly equal to the capacity of A. First weigh 
them out of water, placing weights in the other pan. If now the 

Fig. 9. 




cylinder A be filled with water, the equilibrium is disturbed, but if 
at the same time the beam is lowered, so that B becomes. \^£L\sv<£«fi^ 
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in a vcHHcl of water, the equilibrium is restored. B loses a portion 
of its weight equal to that of the water in A. But the capacity of 
A is exactly equal to the volume of B, proving the principle laid 
down. 

How far will a floating body sink? 

A Jloatlny Innly dixiilnces its own weight of liquid^ or it sinks until 
a buoyant force is rcac^hed equal to its own weight If the liquid 
chance to be heavy and dense, of course the body doesn't have to 
sink so far in order to displace its weight as it would in a lighter 
li(iuid. Note the diifercncc in the ease of swimming in salt and 
fresh water. The water of the Dead Sea is so salt (heavy) that a 
person cannot sink beneath its surface. 

Define speciflc gravity. 

Spcci/ic ffraviti/ (sp. gr. ) is the. comparative weight of equal veil 
wnrs. 

What is density? 

Jhmity means about the same thing : it is the weight of the unit 
of volume^ so many grams to the cubic centimetre or so many pounds 
to the cubic foot. We say a big piece of cork is heavier than a bul- 
let, yet we speak of cork as light and lead as heavy, knowing that 
cork is not so dmse as lead ; i. e. a given volume of cork contains 
less matter than an ccjual volume of lead. We can only express the 
density of a substance by stating two quantities — viz. weight or 

mass and volume. Density is weight divided by volume. D = -y^. 

If a piece of wood weighs 300 gm. and measures 400 g,q.^ 

/J— •, ,J '- -=.75 gm. per c.c. for the density of wood. Any 

two values of the above equation being given, we can always find 

the other one, F=-^; W= VXD, 

How do you find the specific gravity of any solid ? 

Sp. gr. , being the comparative weight of equal volumes, is that 
number which shows the relation between the weight of a certain 
volume of a substance and the weight of an equal volume of the 
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standard. Take two equal volumes, one of the substance and one 
of the standard ; divide the weight of the former by the weight of 
the latter, and the quotient is the sp. gr. The weight of the stand- 
ard is always the divisor : 

o _ W, weight of 1 vo l. of given substance 

P- 6 • — jy/^ weight of 1 vol. of standard 

There is never any special difficulty in determining the numerator 
of this fraction. The trouble is with the denominator, as it is not 
always easy to measure and to get the exact volume of the given 
substance ; and until we know that volume, of course we cannot get 
the "equal volume of the standard," which can then be weighed. 
A lump of metal full of holes and irregularities cannot be measured 
in any usual way. We could do this : Fill a vessel exactly full of 
water. Suspend a solid from a balance-beam and get its true 
weight. Remove from the balance, and carefully lower the solid 
into the water and catch the overflow. Weigh this displaced water, 
which of course is the exact counterpart in volume of the introduced 
solid. As water is one of the standards, this weight is the denom- 
inator of the above fraction, and the actual weight of the substance 
is the numerator. 

This procedure, however, is not necessary, and the principle of 
Archimedes comes to our aid. There we saw that a body weighed 
in water loses a part of its weight, and this loss of weight is the 
weight of a volume of water equal to its own volume ; and that is 
what we have been afler for the denominator of the fraction, which 
fraction may now be stated thus : 

c n r 1 Weight of given substance in air 

hp. gr. 01 a solia = ^ 7. * ^^ v ' rr ' :~~* 

Loss 01 weight 01 given substance in water 

Of course a fraction means that the numerator is to be *' divided 
by" the denominator. 

What are the three standards for determining specific 
gravity? 

solids ] r at 60° F. in England and America, 

For and > distilled water I 

liquids J ( at 4° C. in Getm^w^ «L\A^\^»sifc. 
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gases ] air (at 0° C. and 760 mm. pressure in France), 
For and \ and 

vapors) hydrogen. 

Water, air, and hydrogen are the three standards. 

Water weighs 62.5 lb. per cu. ft., or 8 J lb. per gal., at standard 
temperature. 

Air was originally the standard for gases and vapors, and is a con- 
venient one, because we live in it. It is 14.42 times heavier than H. 
The sp. gr. of illuminating gas and some others are more conve- 
niently expressed by the air unit. 

Hydrogen, however, has many advantages. With it as a standard 
all the figures arc whole numbers which bear a simple ratio, and also 
the sp. gr. can be found when formulae and atomic weights are 
known. For instance, the sp. gr. of carbon dioxide is 22 ; ?'. e. is 
22 times heavier than II, thus: CO.^ is the formula. 

C = 12at. wt. 
0-16 
0=16 
2)44 
22 =^ sp. gr. of CO2. 

Why do wc divide by 2 in this problem? 

What is Avogadro^s law? 

Eipial volumes of all gasea contain the same number of molecules. 
From which it follows that the molecules of all gaseous bodies are 
of the same size (not same weight). 

Assuming that 1 vol. of 11 contains 1000 molecules, then, accord- 
ing to this law, an equal vol. of chlorine must also contain 1000 
molecules. If these 2 vols, be mixed, they combine and form 2 
vols, of another substance, hydrochloric acid gas, which will contain 

1000 1000 -2000 

2000 molecules. H -h CI = IICl. 

Upon analysis each molecule of HCl will be found to contain 1 
atom of H and 1 atom of CI—/, e. 2000 of each— but the 2000 H 
atoms came from the original 1000 H molecules, and the same for 
the CI atoms. Each molecule of hydrogen must therefore have 
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furnished 2 H atoms, proving that the H molecule is made up of 
2 atoms. 

The atomic weight of H is taken as 1 , hence its molecular weight 
is 2 ; and therefore we divide the weight of a molecule of COj, which 
is 44, by the weight of a molecule of H, which is 2, in order to reduce 
it to the standard of unity, comparing it with the H atom and not 
with the H molecule. 

This applies to nearly all elements in a state of gas, and the sp. gr. 
of gases is one half the molecular weight. That is, gas molecules 
of an element are each formed of 2 atoms only. 

There are five exceptions. Hg and Cd probably have 1 atom to 
the molecule in state of gas (perhaps also Zn and Ba) ; ozone has 3 ; 
P and As have 4. 

Specific-Gravity Tables. 

Solids, Liquids, 

Water is standard. Water is standard. 

Li, 0.593 Ether, 0.720 

Na, 0.972 Alcohol, 0.794 

HA 1.000 H,0, 1.000 

Mg, 1.75 Urine, 1.020 

Al, 2.56 Oil of vitriol, 1.840 

Fe, 7.79 Bromine, 2.976 

Ag, 10.50 Mercury, 13.59 

Pb, 11.45 

Au, 19.50 

Ft, 21.50 

Gases Illustrating the Two Standards. 





Air=l. 




H = 1. 




H, 0.06929 




Air, 14.42 




N, 0.0972 




N, 14. 




0, 1 . 1 056 




0, 16. 




CO,, 1.524 




CO,, 22. 




CI, 2.47 




CI, 35.5 




Br, 5.54 




Br, 80. 




I, S.716.-0 • , — 


> • -» ■»» 


r»l/ 127.' 


4 
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What are the three ways of fiadiBg the qk gx. eC loMdaf 

1. Hydrostatic balance ; 

2. Nicholsoa's hydrometer; 

3. Spedfic-gravity bottle or pyknometer. 

1. Hydroftatic Balance.— The substance is first weighed in air; 
strictly it should be in vacuo. It is next suspended irom the hook 
of the balance and weighed in distilled water at the standard tem- 
perature (Fig. 10). Divide the weight in air by the loss of weight 
in water, and the quotient is the sp. gr. required. 
Example, 

Zinc in air weighs 13.52 lb. 

** H,0 " 1L60 lb. 13^_^ ^.^ „ « „^ 
Loss of weight in HA 1.92 lb. ^^2^^'^^^^'^^^ 

To find the sp. gr. of a solid that floate in water ; e. g, wood. 

May use Nicholson's hydrometer, or attach a heavy substance 
like lead to the wood and sink it. Find the amount displaced by 
them both, then that displaced by the lead alone ; subtract, and the 
remainder is the amount displaced by the Wood. Suppose 

The two solids lose in weight in water, 28.5 
The lead loses " " 3.5 

The wood would lose " ** 25. 

Suppose wood weighs in air, 20 

Sp. g^- =" ^ = •^• 

Describe Nicholson^s hydrometer and its use. 

It consists of a hollow cylinder, B, to Which is ^xedi a loaded cone, 
C (Fig. 11). At the top is a pan and a stem, on which the standard 
point o is marked. The first step is to ascertain the weight whkh must 
be placed in the pan to make the hydrometer sink to point o. Let 
such weight be 125 gr. Suppose the sp. gr. of sulphur be required. 
The weights are now removed from the pan and replaced by a piece 
of sulphur which weighs less than 125 gr. Add weigh ta enough, 
say 55 gr., to depress the hydrometer to o. The weight of tfie dvl- 

phurisevi«l,evtijr:12,i--JS4vTQgr-. ..... 

Now ascejfaitf Jfe'^^^t.qf ap^ equal ^y^iume 9f ,^ater. To do 
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this place the aulphur od the lower p&o C. The whole weight is 
not changed, yet the apparatus no longer sinks to the ma^. The 




Bulphur has lost part of its weight, equal to that of the water dis- 
placed. By added weights aink the stem to the standard again. 
This weight — 34.4 gr., for example — is the weight of a volume of 
water equal to the volume of sulphur. Divide 70 gr., the weight 
in air, by 34.4 gr., and the quotient, 2.03, is the sp. gr. 

If the body is lighter than water, and will not remain on the lower 
pan C) actjust a cage of wire over it Ia prevent its ascent, and con- 
duct the experiment as before. The water used must have the 
standard requirements. 

Deaoribe the Bpeciflc-gravity bottle and its nse. 

This bottle is used for solids in a state of powder. Into the nedt 
is fitted a thermomeier A, and in the side is a capillary stem widened 
at the top and provided with a stopper [Fig. 12). On the stem is a 
mark m, and at each weighing the bottle is filled with distilled water 
at standard temperature exactly to this point. 

Proceed thus ; Weigh the powder in air. Then place it diy in a 
scale-pan, and with it, in the same pan, the sp.-gr. bottle exactly filled 
to the mark with water. Determine the 'xei^t ib'i 'On^ \r«>a. "^uv 
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empty the boltle, pour the powder into it, and 
fill as befure to the MaiKUrd point. Again de- 
t«nnine their weight 

It ia lesB than before, since the powder has 
displaced ita own volume of wat«r. 

The differente between these laat two weigh- 
ings gives thi; weight of the water displaced, 
which, divided into the original weight of the 
powder, gives il^ gp. gr. The thermometer 
givuB the temperature of the water and renders 
a correction easy. 

How will yon determine the tp. gr. of l>odies 
loloble in water T 
If the solid or powder is soluble in water, 
then wc must use some liquid in which it is not 
soluble, as oil, naphtha, or kerosene, the ap. gr. 
of whicih is known. For rock salt we could use 
iiuphlha; for sugar, kerosene. The corrected sp. 
gr, iw obliiined by multiplying the answer found 
in the cx|)crinicnt by the known ap. gr. of the 
liquid used. 

How do yon obtain the speciflc gravity of liqnidi T 
There are four ways : 

(1) Hydrostatic balance ; 

(2) SiKwific-gnivity bottle; 
(.^) Siiocific-gravity bulljs; 
(4) Ilydromctcra. 

•(1) Iljidrnitfifir. Bulitiirr. — Have two vessels, one containing the 
fluid to be tested, and the olhcr containing the standard water. 
Take sonic solid which will not be chemically acted upon by the 
liquid— e. g. plntinuiu— and weigh it successively in Mr, in the 
liquid, and in llic wnlcr The loss of weights in the liquids ia 
noted. TJicy rc]>resciit, of course, the weights of equal volumes 
of the given liquid and of water. Divide the former by the Utt«r. 

Find the sp. gr. of alcohol : 
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A piece of platinum weighs in air, 56.80 

alcohol, 40.96 
Loss in alcohol, 15.84 

A piece of platinum weighs in air, 56.80 
** '' '' water, 36.80 

Loss in water, 20. 

A certain volume of alcohol weighs 15.84. The same volume of 
water weighs 20. =.792 sp. gr. of alcohol. 

(2) Specific' Gravity Bottle. — Weigh it first empty, then full of 
the liquid whose sp. gr. is to be determined, then full of water. 
Subtract the weight of the empty bottle respectively from that of 
the bottle plus the liquid, from that of the bottle plus the water, 
and thus get weights of equal volumes. Obtain the sp. gr. by 
division. 

JEktample. 

Bottle full of urine weighs 151 gr. 

Bottle empty weighs 100 gr. 

1 vol. of urine weighs 51 gr. 

51 
Bottle full of water weighs 150 gr. Sp. gr. urine = - = 1 .020. 

ou 

Bottle empty weighs 10 gr. 

1 vol. of water weighs .50 gr. 

(3) Specific- Gravity Bulbs. — These are small hollow glass bulbs 
which are prepared in series, loaded, and adjusted so that they ex- 
actly float in a liquid of a definite sp. gr. Try each one with the 
given liquid till the right one is found, which is so marked as to 
indicate the sp. gr. without calculation. 

(4) Hydrometers. — There are two kinds: 

(a) Hydrometers of constant immersion, but variable weight. 
[h) '* of variable " but constant '' 

Hydrometers can only be used in liquids in which they float. They 
sink till they displace their own weight, and depend upon the prin- 
ciple of Archimedes. 
Of the first variety there are two examples — Nicholson's and Fah- 
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ronhoit's (FipH. 11 and \:^). They are of constant vdume, because 
always iiiiincrsiMl to the miuic extent, but carry variable weight. 

Describe Fahrenheit's hydrometer. 

It is similar to Nioliolson*8, but is made of glass, and at its lower 
extremity is a bulb containing Hg. There is a 
standanl murk on the stem (Fig. 13). 

The instrument is first weighed in air, and then 
platrd in the given liquid. Weights are added to 
the scale-pan, say 8 gm., until the mark on the 
stem is level with the surface of the liquid. In the 
sanu^ manner it is placed in water and weighted 
down, say by (> pin., to the standard point. An 
iMiual volume is submerged each time. A floating 
Inxly displaces its own weight of liquid, from which 
it follows that the weight of the hydrometer plus 
the wei^lits in the sc^ule-pun in the two cases is the 
weight of e<|ual volumes of displaced liquid and 

of disj)laccd water. Divide the ibrmer by the latter. 

Describe hydrometers of variable immersion, bnt constant 
weight. 

This variety includes nrhiomctrra and Beaum^'s hydrometer and 
its modifications. They sink to variable depths according to the 
sp. pr. of the li(iui(l, but tlieir wei^rht is constant. A simple hy- 
drometer can be; made from a nwl of wood. Jjct one end be loaded, 
and assume its weight to be .50 gm. and its volume or cubical con- 
tents to be 100 c.c. How far will it sink in water? Until it has 
displaced 50 gm. of water, its own weight. What is the size of 50 
gm. of water? 50 c.c., as each cubic centimetre weighs 1 gram, or 

W 50 
V /) - 1 " •'^^ c.c., density of water being unity. So the 100 

c.c. rod in displacing 50 c.c. of water would sink just half way. It 

would sink deeper in alcohol !)cfore it could displace its own weight, 

alcohol being lighter than water. Say 02.5 c.c. would be submerged 

— {. €. 02.5 c.c. of alcohol weigh as much as 50 c.c. of water, or 1 c.c. 

50 
as much as fee. of water. Sp. gr. of alcohol — r^ = . 800, the 

sp. gr. being inversely as the volume when weight is constant 
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Initettd of a rod of wood, the usnal hydrometer or urinometer 
oonsista of a. graduated glass tube tertiiinAtiti^ at the bottom in a bulb 
loa')edwithBhotorHg(Fig. 14), The graduations indicate the ap. gr. 
These spaces are larger near the top, and are arranged according 
to the differences of the reciprocals of an Hrithmetical p^g j^^ 
series. The sp, gr. values corresponding to these wide 
spai%s arc small, and increase from above downward, 
the instrument Binding deeply in light liquids, and cice 



ki.m 



^H 2.O00 



DllTereDcea la Reciprocals. 



.015 
.013 
.013 



1.90 
1.95 

2.00 



Dncribe Beaume's hydrometer and modifioatioiu. 

BcituniC's hydrometer, alcoholomcl^ra, vinometcrs, salimelfim, and 
lactometen eiprese percentages, and not sp. gr. The graduation 
of Bcaume's depends upon the liquid used, and whether it is heavier 
or lighter than water ; it is entirely conventional, neither giving the 
dendties of the liquids nor the quantities dissolved. It is use- 
ful in making mixtures of given proportions ; for instance, if 66° 
B. is the standard for oil of vitriol, a manufacturer can readily 
judge when his product has reached & proper degree of concen- 
tration. 

Une way of graduation is to construct the hydrometer so that it 
sinLis nearly to its top in water, and call this point 0°, as at A, Fig. 
14. Next place it in a 15 per cent, salt solution, and call the point 
at the Burrace of the liquid 15°, as at B. Divide the space A B 
into 15 equal parts, and so continue the scale to the bottom of the 
stem. Bcaum^ (bought he could get percentages of any solution, 
but he cannot. 

TimldelTf hydromi-'<-r, used in England, is so Kniduate(l that the 
number of degrees innhiplied by 5 and added to KXW ^N«a 'Cvvc w;?. 
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gr. with reference to water at 1000. Thus, 10® would equal sp. gr. 
1050. 

Alcoholometers are graduated for a certain temperature, and are 
only correct for that one, usually 15° C. 

Lfictometers also give percentages, but they can readily be changed 
to sp. gr. by aid of a table. 0° is marked at the upper end. of the 
stem, and 120° at the lower end. 

0° = sp. gr. 1.000; 
10°= " 1.0029; 
100°= *' 1.029; 
120°= " 1.0348. 

The sp. gr. of milk should be 1029 or higher. No healthy cow 
gives milk below 1029 nor above 1040. Rich milk is not that rich 
in fats, but poor in water. This instrument is the milkman's foe. 

.<Frohlenin. — 1. A gallon of water weighs 8 J lb. av. ; what is the 
ilfeight of a gal. of Hg, its sp. gr. being 13.6? 

iSolutfoti.—l'S.Q means that 1 vol. of Hg is 13.6 times heavier 
than the same vol. of water. If 1 gaJ. of water weighs SJ lb., 1 
gal. of Ilg will weigh 8i X 13.6 = 113.33 lb. Ans. 

2. What is the weight of 1 gal. of alcohol, sp. gr. .800, when 1 
gal. of water weighs 8.33 lb? 

Solution. — 8. 33 X . 800 = 6. 66 lb. Ans. 

3. When 1 gal. of water weighs 58318 gr., what is the weight 
(a) of 1 gal. of urine, sp. gr. 1.030? 

(h) of 1 pint of ether, sp. gr. .720? 
Solutiojf.—(a) 58318 X 1 .030 = 60067.54 gr. Ans. 
(h) The pint of ether must be compared with 1 pint of water, 
which would weigh 58318 ^ 8 = 7289.75 gr. 

7289. 75 X . 720 = 5248. 62 gr. Ans. 

How do you find the specific gravity of gases ? 

1. Principle of specific-gravity bottle ; 

2. Divide weight of molecule by 2 — law of Avogadro; 

3. By rates of diffusion. 

1. A glass globe is used of about 2 gallons capacity, and neck 
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provided with a stopcock. This method uses the air unit. Both 
the gas to be tested and the air are taken at 0° C. and at the pres- 
sure of sea-level, 760 mm. 

The globe is first weighed empty — i. e. after a vacuum has been 
produced by an air-pump. Then it is weighed when full of the gas, 
and also when full of air. Both the gas and air must be passed 
through drying tubes, and the air over potash to free it of CO2. 
Subtract the weight of the exhausted globe from the weight of the 
globes filled respectively with gas and air. Divide the former by 
the latter. 

2. The law of Avogadro has already been discussed, pp. 48, 49. 
Methods (2) and (3) use the H unit. 

3. Rates of Diffusion. — The following law has been established 
by Graham : The velocity of the diffusion of any gas is inversely 
proportional to the square root of its density. This follows from the 
size and velocity of repulsion of different molecules. If one weighs 
16 times as much as another, then the latter has to move 4 times as 
fast to strike the same effective blow. 



Density. 


Difldisiozi rate. 


H= 1 


H = 4 


0=16 


0-1 



The rate is inversely as the square root of 1 and 16. H, a light 
gas, diffuses 4 times as fast as 0, a heavy one. We get the sp. gr. 
by noting the difference in times in which a given gas and H gas as 
a standard will diffuse from a capillary opening into air, or will effuse 
into a vacuum. 

SUMAIARY OF METHODS OP FINDING SPECIFIC GRAVITY. 

Solids (a) heavier than water : 

r (1) Hydrostatic balance ; 
Water standard. < (2) Nicholson's hydrometer ; 

I (3) Specific-gravity bottle (pyknometer). 

(h) lighter than water : 

(1) Hydrostatic balance; attach a weight to 

the solid; 

(2) Nicholson's hydromelct m\Xv N^vt^ q?^.'^« 
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(c) BoluUc in water : 

Use an indifferent liquid, as ml or naphtha, 
and hydrostatic halanoe. Multiply re- 
Bult by the known sp. gr. of the liquid 
used. 
Liquids : 



Water standard. 



(1) Hydrostatic balance ; 

(2) Specific-gravity bottle ; 

(3) Specific-gravity bulbs ; 

(4) Hydrometers: 

(4) (n) of constant immersion, but variable weight — Fahrenheit's; 

( some give sp. gr., urinometer ; 
(h) of var. imm., but const, wt. < some give per cent, Beanm^, al- 

( coholometer, lactometer, etc 
Gaw^s : 
Air standard. (1 ) Principle of specific-gravity bottle. 

(2) Divide weight of molecule by 2 — law o/Avo- 
f/adro. 

(3) Ilates of diffusion. 



II standard. 



CHAPTER V. 

0APILLAKITT.-O8MO8S. 

Describe capillarity. 

When solid bodies are placed in contact with liquids, certain cap- 
illnry phenomena arc seen, so called because best observed in tubes 
of a size comparable to a hair. The force in action is called cap- 
illary attraction. If we thrust a glass rod into a liquid which wets 
it, as water, the liquid is raised up against the sides of the solid as 
though not subject to the laws of gravity, and its surface is slightly 
concave (Fig. 15). Put the rod into Hg, which does not moisten it, 
and the liquid is depressed and its surface is convex. In the former 
case the adhesion of the glass and water is greater than the cojiesion 
among the water molecules ; the reverse is true for Hg and glass. 
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Instead of using a rod, take tubes of different diameteis. The 
surface of the liquid in the tube when it wcta it assumes a. concave 




E 



beraisphorical segment cajled a concave meuisau (Fig. 17). When 
the tube is not moistened tliere is a convex meniscus (Fig. 18). 

Wliat are the laws of capillarity I 
We may formulate these phenomena, and note four facta : 

1. Liquid» risf in luheg when the}/ wet tliem, and are depressed 
wlieii they do not. 

2. T/ie iiKenni'on or d^res»ion is greater the smaller the diameter 
of tfie tube (Jurin's law). 

3. The ascension or depression varies with the h'quuii empJoj/ed. 
Water will rise higher than alcohol. The thickness of the tabes 
makes no difference, nor docs their character, whether glass or metal. 

4. Ascension and depression are diminished hi/ increnstng temper- 
ature. Heat diminishes both cohesion and adhesion, the fbnner a 
little the more. 

What are fome iUnstrationi of capUlarityl 

This action is seen when oil rises In a lam|)wick or ink in blotting- 
paper, or when water enters drj' wood with force enough to split 
rocks. Sap rises in plants with great force, due to capillarity. 

What ia osmoae % 

When we separate two liquids or two gases by a thin porous par-, 
tition, organic or inorganic, we Gnd a current sets in from one to the 
other. This diffusion is called osmose, impulse, or lUosmnse, an ini- 
pulse ihroujrh. Take a glass tube and bind to one end a mem- 
branous bag filled with syrup or blue-\\U'w\ wAmVawi. \wv\iisst:*R'*-'^^ 
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t' «3[i:r (tV. IVl. and in a short 
riii i» IhiuU has 




! it will be found tbat 

in the tube, and tlic 

water » ee«D to be tinged with the blue 

There ut two opponng cnrrents, and 
■he one lotennl iktit liquid mhiiA in- 
emat* is nlkd fndfmno»r. The iii- 
(.Teased lii|iiid ia geneially the denser 
one. The other current is fxotmtite, or 
outward ini)inl8e. 
What are eoUoidil 

It i» found that cr)'stalliiable sub- 
^amvs are beet for oemoeia ; aniorphouB 
so tiiM unit's, like gum and gelatin, do not 
IKt^ii readily through eepta, and are 
■.■ullttl aJfimh. 
What ia dulysiit 

Thi» principle of unetjual diffuBibitity 
is of iireat iniportanoe in laboratories 

luniii-jU The process of separating 

rjlltHl iliitfyiiii. 

A with a jMuvhiocnt bottom. If the 

ijiefti.ll of containing poison be 

arseoic or strychnine, 

leaving the albumin- 



losis is that the liquids be 
water and oil. 



Ill [.n>[Mr.Ui. 
niix.'d li.|iii.] 

Tlu- ./..ilir. 
Ill I II ill I'liiiU'i 

pluvd ill it. aii.l Ilk' v.'^s,'! U' fliMtMl 
it' pri'^i'iit, woiilil piiw tlinuicli into the 
fius mutter ol' HkmI K'liiiid. 

One (if ilic iit'i-cssiiry conditions for o 
Ciipable of inixiiiir i then' i* none betwii 
What is diffiision and effosion of gates 1 

All tlicsc iilioNonioiiii arc s*H'n to si hijih degree in gases. When 
two iire sepnniicil by a porous partition, an exchange takes place, 
and (li>cs not <'cii.se until the cum posit Ion of the gas on both sides is 
the same. This is diffusion, and its rapidity depends on Graham's 
law, p. 57. 

Effusion refers to the passage of a gns into a vacuum through a 
minute aperture .013 mm. in diameter. The law for effusion is the 
same as for diffusion. 



» 
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CHAPTER VI. 
GASES.-ATM03PHERE.-BAE0METERS.-PUMPS. 

What are fluids and some of their common propeitieBl 

Gnses and liquids are vailad Jiiikh, ami, from tlieir properties, 
especially those of a gas, are elastic fluids. The lightest liquid is 
many times heavier than the heaviest gas. Water is TTO t4) BOO 
tJmeB heavier than air. 

A gas is a body whose molecules are in a constant state of repul- 
sioD ; in a li^iuid the repidsiou is slight^ and more than eounter- 
balanced by cohesion. The two have some common properties— viii.: 

(1) Mobility, are not viscous. 

(2) Compressibility, hence elasticity or tension. 

(3) Weight. 

Solids, liquids, and gases possess these three, only differing in degree. 

( 1 ) This is self-evident from our supposition as to the uonstitution 

What is Boyle'B lawT 

(2) In 1662 the law of compressibility of gases was discovered by 
Boyle, and also independently by Mariotte in 1679 : 

The lenipfrnhtrf. rtTnaiiiing the sam^, the vohime of a given quan- 
til)/ of gag M imvrsfli/ as theprstatiTe which it bean. 

This law can be derannatrated by means of a U-shaped tube, with 
the short arm closed. Pour in Hg till the surfaces in the two arms 
are on the same level. The tension of air in the short arm must 
be one atmosphere, as it exactly balances the outside column of air. 
Poor in more Hg until the short dosed arm is half full, and it will 
be found that the height of the long colunm of Hg is equal to that 
of the barometer at (he time of the expenment. That is, the 
column of air in the short arm is compressed by ihe original one 
atmosphere plus the long column of Hg, whieh is another atmo- 
sphere. The volume of air in the short arm has been reduced to 
one half by a pressure of 2, We can also prove the w 
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see that if the pressure be reduced one half, the volume is doubled. 
This law docs not (luite hold good for high pressures. 

Manometers arc instruments used to measure the amount of pres- 
sure or tension. 

Closely aUied to compressibility is elasticity, or the power to re- 
cover former volume after pressure is removed. All fluids are per- 
fectly elastic. Liquids are, but, as they are practically incompress- 
ible, we need not consider their elasticity. 

Pressure or cold will convert every gas into a liquid. O, H, N, 
CO2, and marsh gas (CH4) had not been liquefied till eight or ten 
years ago. They have been since, and all liquids have been 
solidified. 

Describe the third property, weight. 

(3) The air-pump is necessary for weighing gases or air. An 
hermetically sealed globe is weighed when empty (exhausted by an 
air-pump) and when full of the given gas. The noted difference is 
the weight required. 

At 60° F. , and with the barometer at 30 in. , 

100 cu. in. of air weigh 30.93 gr. 
1 cu. ft. of air weighs 534.470 gr. 
1000 cu. ft. of air weigh 76.3r)2 lb. av. 

Every gas is affected by gravity, even H, which is the lightest of 
all, and consef|ucntly every gas exerts pressure. 100 cu. in. of H 
weigh 2.14 gr. 

What is atmospheric pressure? 

We live at the bottom of an ocean of air, which is held to earth 
by gravity and partakes of the earth's rotation. This layer of air 
may extend upward 50 to 200 miles. Some think it has no limit, 
but as the air expands its expansive force decreases, and at a certain 
height there is probably an equilibrium established between the re- 
pulsion of the molecules and the action of gravity. 

If this ocean were of uniform density, its whole thickness would 
be only about five miles, and some peaks of the Himalayas would 
rise above it. The weight of the atmosphere generally means that 
of the whole air above us, and not the weight of a definite volume. 
It exerts pressure in all directions — downward, as may be seen by 
the bursting membrane from beneath which air has been extracted 
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(Fig. 20), It eierla upward pressure, an seen by the weigkt-Ufte.r, 
where air in a cylinder ie removed fruin above a piston lo which 




weights are atta<ihc(). It f^irK j rt ^urt m erery direotiou, as 
proven hy tha Magdebni g kemn-iihni^ (Figs Jl and 22) When 
the air la removed froni their interior they cannot bo separated 
without a powerful effort, no matter in which position they are 
held. Thia is known as Von Gucntke a e^pt.riini-nt. 
What is meant by one atmosphere ? 

Fniui esijcriineiils to follow it will be jiroven that this air-pressure 
is about 15 lb. to the sijuare inch — /. c a cohimn of air I inch 
gqunre from the surface of the earth to the surface of the aerial 
myelin weighs 15 lb. ; it ie also about 1 ton to the square foot or I 
kilo to the square centimetre. This weight is what is meant by one 
ufntoitpherf. 

An average-wzed man sustains an external presHuro of about l.'i 
tons. 

If the area of the bottom of a tin pail be I sq. ft., it sustains a 
pressure of about I ton. How can a jierson carry such a pail, and 
why is its bottom not forced out? 
What wai Torrioelli's experimentf 

Aristotle and Galileo both failed to wei^K om ot W\ \v \«&. 
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\viM>)li( 'riinitM^lli wus a pupil of (lalileo, and in 1643 performed 
llio liilliiwiiiu («x|H'nuu'iit : He t(M)k a ^hms tube, doeed at one end 
iHiil III' ti Mi'«'ii(or liMiudi than M) inches, and filled it with meicuiy. 
Ilo (lioii iMin^rully iiiviTlotl it, with his thumb over the open end of 
llio iwUw 111 a voftm'l of IIlt. lie found that in the tube a column 
III' III) Mtiod iilmul M) ill. Iii>;h above the level of that in the vessel, 
tiiiil iil)«i\o (lii^ iMiluiiiii wus an un<Kx;upied space. He and his friends 
liitil iiU\ii>N hiiiil (li.ii *' Nutun^ abhorred a vacuum;^* hence their 
iiiiiiiKoiiK'iil (t) r«o(Mlia( HiiN abhorrence ceased afler a certain limit 
'rnriirolji iliil iiol undorMhiiid this. 

-• 

Whni did Pawal prove! N 

h \\i\ii PiiN<M)l, ii KitMiolunan, who in 1648 really conceived the 
liliMi lliiii lur liolti (lie nionniry up in the tube. If so, he argued 
lliMl (III* riiliiiiin nIiiiuIiI not Ih'. ho hi^h uiK)n a mountain-top, as there 
iM loMM lur (ii o\or( pn»sj<un\ This he investigated, and proved that 
(III* rtiliiiiiii was Hiipporicd by the weight of the atmosphere. He 
iiMi'il iiiliiM lii|iiiilM iK^MJtlos nioriMiry. 

Whni Arc) bnromotorit 

lnMlimiioiil* liir iin»as\n'intf atinosphmc pressure are called &aro9n- 
Wmn, \MMi)li( uiiMMiroi':' ; and tliis simple tube, filled with Hg as 
ii'mmI I»\ Tnn'HM'lIi, was {\\o rn*s( one over devised. The space at the 
(np III' (lu» (mIh* is ralltMl {\\o Torrirdlian vacuum. 

ll IS riniii woiidiiuir (Ills roluinn of 1 Eg that we get the amount 
nf air prrsNiiro as abovo stated — ir> lb. to the square inch. 1 cu. 
ill ul' II.U weiulis \ III. : .so if a baroinoter have a cross-section of 1 ' 
si| ill , (lie (MilMinn s(andinir i>0 in. Iiiirli will weigh 15 lb. 

Tlie nmre air .\<in have or (lie heavier it is, the higher will be the 
eohinin ; (h(« less air nr (he less dense the air, the lower the column. 

How hi(fh will any fiuid rise in the tnbe? 

The height of (he llnid depends inversely upon the sp. gr. 

At what heig^ht would water stand in the tube, its sp. gr. 
being 1 and that of Hg: 13.60? 

1 : \:i{\{) : : 'M) in. : .r, height of water. 

'M) 

408.00 in. or 34 feet. Ans. 



Barometers are of severa] kindit. Ordinarily, the pressure is 
measured by the hciglit of a column of Hs, as in Torricelli's experi- 
ment; other liquids may be used, atid one, the aneroid, has no 
lii[uid at all. 

Describe the cistern barometer^ 
^^^Ihia variety consists of a straight ^la^ tube about 33 in. long, 



1 



closed at one end, filled with Hg, and dipping into an open cistern 
containing the same metul. (Fig. 23.) There is only one fault 
with it— that the aero of ihe scale docs not alwuys correspond with 
the level of the Hg iu the cistern. 
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Setoribe Fortin'i burometar. 

Ji'ortin'B b&rometer differs from the mbove in the ah^M of tba tm- 
tern. lu base JB made of letOhoTi w^uet qw be pif^i (» Wffw) 
by means of a screw, thus allowing a constant level (Vfg. 84). 

What it tlie liphoii baroiiiet«rl 

Uay-LuBBac's siphon barometer is a bent ^aaa tabe, one fanndi of 
which is much longer than the other. The longer bnnoh is cloeed 
at the top and filled with Hg, aa in the cistern barometAr, yi^k the 
shorter biam^, being open, serves as a dstem (Bg, 25). The dif- 
ference between the two levels is the height of the bamqieter. 

Deacriba tlte wh«el barometer- 

This one was invented by Hcioke: it is a aiphon banmeter, and 
especially intended to indicate good or bad weather. In the shorter 
leg of the siphon there is a float which lises and falls vitli Uie Hg. 
A string attached to this passes over a paDey, and 
^"'■*- at the other end there is a light w«^t A 

needle fixed to the pulley moves round a gradu- 
ated circle marked rain, fair, dry, et«. (Fig. 26). 
Common weather-gkutex of this kind aie of 
little use, because they are not delicate or precise, 
and are only suited for the place in whiolt tliey 
are manufactured. If made in London, they in- 
dicate London weather, and would not be usefiil 
in Denver. 
What other licinid barometen are flia«T 

A glycerin barometer has been conslmcted, 
requiring gas tubing f in. in diameter and 2S 
feet long. Small alterations in the atmosphere 
cause considerable oscillations in the bright of 
the glycerin. To prevent the attraction of jaoist^ 
ure, the liquid in the cistern is covered with a 
layer of paraffin oil. 

Water barometers have also been made. 

DeBcribe the aneroid barometer. 

This instrument takes its name from the fact that noliqnidis osed 
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moiBt"). It oonBiHts of B 
, the top of which is made 




in ita construction (o, "without," v^p!it, 
cylindrical metallic box exhaufit«d of i 
of thin corrugated iiiotal, bo elas- 
tic that it readily yields to alter- 
ations in atmospheric pressure 
{Fig. 27). 

On increase of pressure the 
tup is pressed inward : when 
pressure in diminished, the elas- 
ticity of the lid, aided by a 
spring, tends to move it in the 
opposite direction. These mo- 
tions are Iranamitted by multi- 
plying levers to an index. These 
barometers may be made of such 
delicacy as to show the difference 
in pressure between the height 
of a table and the floor. 

They are very liable to fret out of order, and should be freqi 
compared for correction with a standard harometer. 

What ate the adTantages of Hg for a barometer 1 

1. It is the heaviest lii]uid, and so stands at least height. 2. It 
dues not wet glass; there is no adhesion between them. 

The mercury should be pure, however, and free from oxide, and 
tbc Torricellian space shoidd be free from air or aijueoua vapor. 

What eorreotious are necessary for barometers ? 

(1) For lc-m|icrature; 

(2) " elevation above sea-level ; 

»(3) " eapillnrity; 
(4) " («) accidental or irregular variations, 
{b) diurnal variations. 
(1) Temperature of course causes the Tig to expand or contract 
in a barometric column, just as it would in a thermometer. So the 
height observed miiHt be reduced to a determinate temperature, 
lOBually that of melting it*. 

,{1!) The use uf the barometer in determining elftNtoVwi ^*&\]fe 
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npukon of tutor. \\vr\> wo mean thnt the observations made in one 
|)|i)oo, if umMJ it) uiiothor of a different level, must be oorrected. 

(.n In ointorn ImixunotorH (bore is always a depression of the cfA- 
nnin of lU, duo to oa|ullurity, unloss the internal diameter of the 
tubo oxooodn y\y of un inoh. The height of the meniscus (Fig. 18) 
\\\\H to 1h« loundi and the resulting (H)rrection taken from tables. 

[\) Two kinds of variations hym observed: 

(ir) AiVtifrnhif variations present no regularity. They depend on 
soamms, the dirivtion of wind« and geographical position. They are 
not oltm^rvod, howovort at the tHpuitor or in the tropics. 

[h) /*tMVv >ariations an* produinnl |H»riodically at certain hours of 
the day, and they tHVur with sueh regularity in the tropics that a 
bahunoter ean alnu^st serve as a eloek. There seem to be tides in 
the atnioM|tbeiv whieb rise and fall twice a day. The barometer, 
due to this Vi\\\s\\ is highest at 10 A. M. and 10 P. M., and lowest at 
1 \. M. and I r. M. ; atui these luuirs appear to be the same for all 
eliuuHoM, wtmtever \h> the latitude. They merely vary a little with 
tlie seitHons. 

Wimt Art) th« uioi of the barometer f 

1 1 ) ludlivelly to detenuine the state of the weather; 
I'M To aseerttnn heights. 

(1) It \\\\\H\ be nMuenduMVtl that the Imronieter only serves to 
weiuh tlie atuiosplien*. and that fn^iuently a change of weather 
eoiueides with a ehauge of atuiospherie pnvssure, but they are not 
neeessarily eonueiMed. In dry weather the atmosphere is dense, and 
eonMr«|uently tlie pn»s.>»\tiv on the 11 g eauses it to stand higher than 
it does in wet weatluM*. when the air is rarer and contains more aque- 
ous vnp(U\ 

(It s(HMns thut airwo»»ld Ih» num^ dense in wet weather, but such 
is U(»( tlie ease.) (Jenerally speaking, a whimn above 30 in. or 760 
mm. indicates lair weatluT. and lu^low 'M) in. indicates rain. When 
the column ri.^cs or sinks .slowly ti)r two or three dajTS toward 
fair weather or r.iin. the indications are extn^mely probable. Sud- 
den variations in either dinvtion indicate bad weather or wind. 

(2) To (frfrntn'ne hrifjhts, as of a mountain, simultaneous observa- 
tions should be made at the foot and at the top. The results in 
terms of feet or metres may be obtained from certain tables. 
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At the height of 2.7 milea we have left half the ocean of air be- 
hind ua — i. e. the barometer stands at 15 in. ; at 5.4 mileg it would 
stand at T.5 in. ; at 15.23 milea the barometric column is .468 in. 
bigh. 

Three-fourths of all the atmosphere is within the level of the 
highest mountains ; H is within 1 6 miles of the earth. It is com- 
puted that if we could bore a hole 35 miles deep iuhi the cartli, the 
air at the bottom would be 10U0 times as dense as at the sea-level, 
and water would float on it. 

What law is trae for the mixtiire of gases? 

As has been twfore slated, all giises mix uniformly, and they mix 
on the slightest opportunity. The mixture remains homogeneous, 
unless chemical action or some outside cause intervene. These gas- 
floas mixtures follow Boyle's law, as baa been proved for air, which 
is a mixture of N and 0. 

Sow do liquids absorb gases ? 

Water and many liquids piJsaeB.s the property of absorbing ^'ases, 
but the same liquid does not absorb er[ual quantities of different 
gases, Buusen has devised three general laws for gas absorption by 

The weight of gat aiwrbed is proportiouaJ to the pressure. 

2. The quantity of gas absorbed decreases with the temperature. 

3. The gaantity of gcu ahmrhed is indqiendenl of the nature and 
Ihe qwmli^ of other gaseg which may i/e already hdd in tohilifin. 

Water may absorb its own volume of CO, and 430 times its vol- 
of ammoniacul gas. 

), driven into water under pressure gives us sodti-vxiter. There 
I soda, however, and the COj is liberated on removal of pres- 



kHow do aolida absorb gases? 

le surfaces of all solid bodies attract molecules of gas and be- 
a covered with a layer of condensed pas. Porous substances 

ive a greatly increased surface, and so have great absorptive power. 
e absorption is not a cheniieal combination, but is influenced by 

£ chemical nature of the solid and (jas. Charcoal from box-wool 
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uiid ctK^miiut is hi^rhly absorbent; cocoanut charcoal takes up 171 
voIumcH of uiiiiuunia and 73 uf COs at ordinary pressure. Oases are 
also Kaid to be tHxindetl when absorbed on the surface or in the mass 
of a Milid. Solid platiiiiini absorbs four times its volume of H. Pal- 
la<liuni aliMorlw, even when cold, 980 vols, of H. It probably forms 
an alloy with ]Kiliadium like true metal, and must be in a liquid or 
oven solid state when thus absorbed and condensed. 

Does Archimedes* principle apply to gases t 

It (Iocs, and ImxHcs in a ^^as or in air lose a part of Uieir weight 
iH|ual to that of the air whieli they displace, and all that has been 
s;iid of litiuids in (his regard is true of gases. This is demonstrated 
by ni«NUis of (ho fntrtmup/M\ 

A si'al(;-)>(>ani supporting at one end a leaden weight and at the 
other :i hollow sphere is (>xactly horixontal in air. It is put beneath 
the receiver of an air-pump, and when a vacuum is produced the 
sphert' sinks. Before tin; air is exhausted each body is buoyed up 
by the weight of the air which it (lis)»la(*es. As the sphere is much 
the larger body, it is buoyiMl up by a larger amount of air, and thus, 
thou^'h in reality the heavier body, it is balanced in air by a small 
leaden weight. 

Why do balloons rise ? 

Hnlloons are hollow spheres made of light impermeable material 
and fill(*d with hot air, II, or coal-gas. The latter is generally used, 
and this balloon must l)e twice tin? size of one for H gas.- They rise 
becrause their weight is less than the weight of the air which they 
displac^e — /. f. something heavier is pushing them up. Balloons 
were invented by the l^rothcrs Mcmtgolfier, and their first ascent was 
successfully made in June, 17S3. 

Great possibilities of scientific interest, of war observations, or of 
future modes of locomotion lie in Archimedes' principle thus applied. 

Describe an air-pump. 

These are instruments by which air can be greatly rarefied in a 
given space. An absolute vacuum cannot be produced by them. 
They were invented by Von Guericke in 1650, soon after Torricelli's 
experiments with the barometer. 
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The principle depends upon the elastic force of air. If we take 
away a portion from the rewiver Ji, the remainder filia up the whole 
space until it finally becomes so rarefied ihat ils tension can no long- 
er lift the valve at (. (Fig. 28.) ii is tlio glusa receiver to be ex- 




hausted, .fi is a, hollow cylinder of brass containing the close-fitting 
piston P. If the piston be descending, compression of air in B 
closes ihe valve ( and opens the valve «, and the enclosed air escapes. 
When the piston ascends valve » closes, and what would otherwise be 
a vacuum above t is filled by the expnnding air Jroni R, and valve I 
m opened. 

The air-pump gauf;c is at D, under a. bell glass, and consists of a 
simple barometer or U-shaped tube, with one end open. As the air- 
pressure is removed the Hg column sinks. It is a very good pump 
that reduoea this column to 3 mm. The above diagram only illus- 
trates the simplest form of air-pump. Very elaborate ones arc con- 
structed with double pistons, special stopcocks, etc. 

Whftt ia Spren^Vi air-pump t 

This is a most efficient pump, depending on the principle of con- 
verting Ihe spac« to bo exhausted into a Torricellian vacuum. >rcr- 
eury is allowed to fall in a tubec/, its flow rcgulateil at c by a clamp 
(Fig. 29}. It ialU past the aperture of I ho vessel, K^ lobis'iiV.tt.wK.'i;^, 
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Fig. 29. 




and the bubbles of air are entangled as it were by the falling Hg, until 
finally we have a barometric tube whose Torricellian vacuum is the re- 
ceiver R. By this means the air in 
R is reduced to less than one-mil- 
lionth its usual density. The ex- 
haustion may be carried much fur- 
ther by mechanical or chemical 
means, as by heating charcoal in the 
receiver while a vacuum is being 
formed, and then allowing it to cool 
It tlien absorbs most of the rarefied 
air that remains. Or oxygen may be 
the gcis in the receiver, and the ex- 
haustion earned as far as possible, 
when copper previously placed there 
is heated to redness. Oxide of cop- 
per is formed and the vacuum is 
nearly complete. 

Water may be used instead of 
Hg, constituting Bunsen^g' Sprengd 
pump,' 

What are the uses of air-pumps ? 

Sprengel's pump is used for pro- 
ducing vacua for the incandescent 
electric lights. It is by this princi- 
ple also that the traps in water- 
pipes are siphoned, the contents of the soil-pipe falling from an 
upper story. This would allow the free passage of sewer-gas, etc. 
into the house, and is remedied by hack-airing the traps — t. c. by 
having a fresh-air pipe connected between the trap and soil-pipe. 
Then the Sprengel pump action is effective only in drawing in air 
from above the roof, and not in emptying the traps. 

The air-pump is also used for many experimental purposes, show- 
ing the properties of the atmosphere, that by reason of the O it 
contains it supports combustion and life — that substances in vacuo 
are not liable to ferment. 
Lessened air-pressure has effect on the boiling-point. Melting- 
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points do not vary. The principle it 
and coDdensed-milli eetjtblishnieniK. 
Describe the ooadensing pump. 

The condensing pump is just tlii; 
opposite of the air-puiup, and tlio 
position of the valvea is reversed. 
The lateral valveo (Fig. 30a) will swing 
in a direction opposite to * of Fig. -8. 
Let K bo tlio receiver of the condensed 
gas, A the cylinder containing a aulid 
piston. D conneata nrith the gas or 
airtu he condensed (Fig. 30). When 
the piston descends the valve i> closes, 
and the elastic force of the com pressed 
air opens the valve s. The reverse 
takes plape when the piston ascends. 

What are the nseB of the conden- 
ser^ 

It is chiefly used for charging liq- 
uids with gases. The tube D is con- 
nected with a reservoir of gas. The pump exhausts this gas, and 
forces it into K, which contains the liquid. Artificial gaseous and 
effervescing waters are thus made. 

The principle is also used by plumbers in testing gas-pipea; it ia 
used in ventilating mines, in supplying air to blasl^lumacea, to air- 
brakes, and drilling- machines. 
What are pneumatic tabes T 

'I'iie Wuh^iem Union Telegraph Company in New York cmploj-a 
pii'^im'ilic Citlis in sending messages to its central office from vari- 
ittis stations in the city. Tuhea of uniform size and free from abrupt 
ciirvea are hid under ground, and the roll of paper or letter is placed 
in a cylindricsil box which fits the tube. At the receiving end a 
steam air-pump exhausts the air in front of the box, and a, steam 
condensing pump also pushes it from the sending station. 

Such tubes are proposed for the Poat-Office Repartment, whereby 
the mail can be rapidly distributed from the cfnlral office lo the sub- 
The pneumatic po»l ia used in Loudutv. 
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What are pnmpaT 
I' i'uiiips at* niwhiiies which raise fluids ty anetion, by pr«Bsitrv. or 

^^^^ by boll) effurte cuuliiiicd. Tlie arrangemoDt of valves in tb« llfiiug 
^^^H or (iicTtViii pump (Fie. 31} is tlie snnie as (or tfae 

^^^H ' uir-pnmp. ^Vhcn tlie pisinn rises a tetiijeiii:y to 

^^^^L .a|^BH^^B B vacuum is produced beucuUi it, and tlie oat- 
^^^^^k ^^^^^^^H side air furues the fluid up through the lower 
^^^^^PI^^^^^^^B valve- The weight of the water above the pi»- 
^^^^r^^^^^^B ton elo§e» ihe upper valve, and the water is 
I ^l^^^^l dific-harged fruiu the spout. Liquids are some- 

I ^^Bl^^H ^'"'^ ^''^ '" '^ raised by force iif xuetimu 

^^^^^1 TheKi ik no suL-h fon«. What is meant is that 
^^^™'^^* atJBospheric pressure forces the liquid to occupy 
the vacuum produced by n retreating piston or 
by lips applied to an aperture. 

{"rom how deep a well, therefore, could you 
draw water, or how high can the bottom of the 
barrel be above the surface of the liquid? Evi- 
I M^^^^^^w dentjy only so Iiigh as the atmosphere will force 

^^^1 this liquid, inversely as ile sp. ^r, It is 34 feel 

^^^H&r water (practically only 26 or 2H it willi the ui-uiil pump) iir 30 
^^Wn. fur Hg. 
^^^ Describe the foroe-pmnp. 

^'"^ ^ As usually eonstructed, it com- 

bines both principles of tmctton and 
of pressure, and its valves Bre the 
reveisc of those in the coiidenung 

The piston is solid (see Kg. 32). 
A branch pipe leads to au air- 
chamber, a. which is provided with 
a valve c opening upward. On 
raising the piston, valve d opens, 
and water is prevented from return- 
ing from 1 by valve c When the 
pLsloii descends the valves reveise 
their action, and water is forced 
tnto air-chamber a, condensing the air. The elasticity of this c<m- 
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dcnsed tiir forcea Che water out nl Zi iu a continnous stream ; other- 
wise it would escape in Juts at each descent of the pistun. 

The ,/ire-en(;tHi' is a force-pimip in wliieh a steudy stream ia mitin- 
taiiicd by nieaos of au air-cli amber. 
Deaciibe the siphon. 

The siphon is an instrmueDl used for tranEfening a liquid from 
one vessel to another llirough the asency of atmoBpheric pressure. 
It consiata of ik bent tube open at both ends and with unequal legs. 
Let the tube be filled with some litiuid, and the two ends closed, 
and let the shorter leg dip in the liquid, as seen in Fig. 33. Or, the 
shorter leg having been placed in the 
liquid, the mouth may be applied at ^ '"" 

li. It will continite to run as long as 
the short leg dips in the liquid or un- 
til the level of the receiving vessel 
ei|iia1s that of the other. It would 
not run if the height C D were greater 
than that of a column of liquid which 
can be balanced by atmospheric pres- 
Eure. The reason of the flow is this: 
At the two points C and B there is an 
upwanl pressure in each case of one 
atmosphere. The downward pressure 
at C is that of the cohiinn of water C D acting by gravity. The 
downward pressure at B is the weight of the column A B, but this 
latter is the greater. The esceea of downwanl pres.sure is at B, and 
the excess of upward pressure is at C. Suppose C D weighs 1 lb. 
and AB 2 lbs.; then I he upward pressure at C is 15^1 = 14 lbs. ; 
upward pressure at B is 15 — 2= 13 lbs. The 14 Iba. push at C 
more than countcrliakiiccs the 13 lbs, ; hence the flow toward B. 

Could a siphon aet in vacuo? 

What are the uses of the Eiptton 1 

A heavy liquid may be removed from beneath a light one, or a 
liquid may be removed in a clear state without disturbing sediment. 

Gases heavier than air may lie siphoned like liquids. Gases lighter 
than air may lie siphoned by inverting both (he vessels and the 
siphon. Ilg may be siphoned by a. solid bar of ksd.. 
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Describe the intermittent siphon. 

An intermittent siphon is arranged in a vessel which is fed by a 
constant stream through a tube smaller than the siphon tube. A 
cup containing a nearly circular siphon of this kind is called the 
Tantalus cup. The level of the liquid gradually rises in the vessel 
and in the convexity of the siphon, which it finally fills, and the 
water begins to flow out. The fluid level soon sinks below the end 
of the short arm, and the siphon is empty and the flow ceases. But 
as the vessel is continually supplied, the level again rises and the 
flow is reproduced. 

This principle explains many natural intermittent springs, the flow 
ceasing and recommencing several times an hour or once in several 
days or months. 
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CHAPTER ■Vn. 
THEEMOMETERS.-^FIEST EPFEOT OF HEAT. 



Define heat. 

Tlie turiu ' 

ter and 

The BeDsatiaii 



ia u§ed in two senses : it is a condition of mat- 

Aa acondition of matter itismolixularviolioii. 

noted by putting the haniis in water of different 



temperatures: hot and ijold are only relative temiH. 
What are the two theories as to the cause of heat ? 

(1) Emission tlitiory — tiiuchanieal 

(2) llndulatory theory — dynamieal. 

(1) This was the old view, and regarded hcnt as an imponderable 
Biilatante ualleci caloric, and the entrance of this Biibat!int.-e into 
lH>il'iea I'auaed heat, and its egress cold. 

(2) The tmdulnloTy tltxory is better, and generally adapted, and it 
brings heat into line with Jight and sound. By it heat is considered 
lo bo molecular motion, and it is transmitted to other bodies or mole- 
cules by undulations set uj) in an ruiponderuble ether which fills all 
spai^e, even moleuulur spaces. This is also called luiniiiiferous ether, 

i light 



Sound is propagated by way 
Wticn a hammer descends a 



iofai 



n anvil, its motion ceases, and the 

only obsen-ahle effect is heat ; the vibratory motion of the molecules 

a the hammer and in the anvil is Increased. A body is hcal«d by 

ring the motion of its molecules quickened, and cuukd V'j \raxv\v,.% 
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with Simie of its molecular motion. Thus mechanical motion is con- 
vortiblti into heat, and we know the reverse is true, as seen in the 
Htoam-en^ine. 

We shall sih.' later how heat and mechanical energy are related, so 
that a definite iiuantity of one always produces a definite quantity of 
the other. 

Define temperature. 

'reniperatun\ or hotness of a body, is the extent to which it im- 
parts sensible heat to other bodies or receives sensible heat from 
other binlies. 

The dinvtion of the flow of heat determines which of the two 
lH>(Ii(>s has the hiirlier teni])eniture. Tempet^ature must also be dis- 
tinguished from quantity of halt. 

If ironi a gallon i»f hot water we dip a cupful, the cup of water is 
just as hot — /. <'. has just the same temperature — as that of the 
larger vessel ; but of course there is a great difference in the quan- 
tities of heat which the two bodies of water contain. 

What are the general effects of heat? 

They are classed under three heads : 

(1) Raises tenipeniture ; 

... - i changes volume ; 

(2) Jnternal work-; t ,. .. i,*^. 
^ ( changes state ; 

(;5) External work, overcomes atmospheric pressure in expanding. 
As a result of (1 ) and (2) heat also 

(4) 1 Voduces electricity ; 

(5) Produces light. 

(1) Raises temperature. ITow is it measured? Heat causes all 
bodies to expand — gases a great deal, liquids less, and solids still less. 
Owing to the imperiection of our senses, we are unable to measure 
heat and cold by the sensations they jn-oduce in us; hence we have 
to depend upon the o})served expansion of bodies in one or other of 
their three states. 

What are thermometers? 

ThcTinonK^ters are instruments for measuring temperature. They 
do not record the amount of heat, only its degree. 
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^^H Oas themiometers are most accurate. 

^^^ i^ronw^'.Tji (fire-iueaaurers), based upon tLe expansion of solids, 

are pretty aacuTote, but liquid tliermoinetera are muBt priuiticiil aiul 

useful, solitis bx|)a,n(ling Uio little, and gases too much. 

What two liquidB are used 1 
Mercury and aleoho! are the only liquids used — Hg because itboila 

only at a very high temperature, and alcohol because it does not 

solidify at the lowest temperatures. 

What are the advantages of Hg? 

1. It docs not bull readily; 

2. Does not freeze readily ; 

k3. Haa low specific heat ; 
4- Has practically uniform expunaion between —36° C. and -tlOO" 
C; 
fi. Ib opaque ; 
A, Does not adhere to glass ; 
7. Is easily obtained pure ; 
8. Is cheap. 

What are tiie disadvantages of Hg ? 

1. It expands irre^-ularly U'luw —36° C. and above 100° C. ; 

2. Solidifies at —Hf C. utid —40° F. ; 

3. Boils at 350° C. (0112° F. ), 

Describe a mercarial thermometer. 

A mercurial thermometer cunaisfs of a capillary glass tube, at one 
end of which is blown a bulb. Both bidb and a part of the stem 
are filled with Hg, and its expansion is measured by either a scale 
on the stem itself or one on n frame behind it. The spjice above 
the mercury is a partial vuemmi, cunlaining the vapor of Hg, 

What are the steps in the construction of a thermometer t 

(1| Calibrating the tulte; 

(2) Fdling the thentiometer ; 

(3) "Curing" the thcmioiiieter; 

k(4) QraduKtion of thennomeler and determination of the fixed 
points. 
J As the tubes are dniwii out by the gliiaaUuwiit ■a.wi fo.V ■«.■* 
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into lengths, it is easy to see that the calibre of the tube in one part 
may dilFer from that of another. Uniformity of calibre is detected 
by introducing a bead of Hg, which may be about 1 in. long, in the 
capillary tube, and noting if this thread occupies the same length 
in different parts, temperature remaining the same. This will show 
equal or unequal capacities. In the latter case the tube is rejected. 
Practically, the tubes are never absolutely uniform. 

(2) Filling tJie TlieiTnometer. — Aller a bulb is blown at the bottom 
of the tube, a small funnel is blown at the top and partly filled with 
Hg. The air in the bulb is expanded by heat, and some of it escapes 
by the funnel. On cooling the remaining air contracts, and a portion 
of Hg falls into the bulb. This is repeated until the bulb and part 
of the tube are full of Hg. The Hg is then heated to boiling, and 
the tube, being full of expanded Hg and Hg vapor, is hermetically 
sealed. 

(3) ^^ Curing,^ ^ — ^By this term is meant that a thermometer is laid 
aside for a year or two af^er filling and before graduating, so that the 
overstrdineil glass may assume a permanent shape. It will change 
its molecular condition, and it is allowed to ^ ^season.'' 

(4) Graduatton. — The thonnometer being filled and seasoned, it 
must be provided with a scale to which variations of temperature 
can be refomHl. First of all, two points must be fixed which repre- 
sent identical temperatures, and which can always be readily repro- 
duced. Fortunately, Nature provides us these two standards. Ice 
w found to melt always at the same temperature. The melting- 
jH>int of iiv and the freozin.ff-|H)int of water are identical. Again, 
distilleil water under certain precautions always boils at the same 
temjK^rature. 

How are the fixed points determined T 

To fix those jHiints on the stem of the thermometer the bulb and 
l^m of the stem an^ placoil in melting snow or ^founded ice for about 
fit\tvn minutes, and a mark made at the level of the Hg. This is 
the rhrznif7-iMmif. Hansen says it should be placed in freezing 
water instead of molt in sr ii^v. 

Tho s*w!ul iH>int is fixinl by sus^x^ndinff the instniment in steam 
risin?; tn^in Ivilinir >Yaior. Tho natun> of the vessel and the salts 
ih\*^>]vt\l infiuon^v tho tomiH'nuurv of boiling water, but not that 
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of the vapor produced ; i. e. the temperature of steam never varies 
provided the pressure is 760 mm. (For every 27 mm. difference in 
the height of the barometer there is a difference in the boih'ng-point 
of 1° C.) The bulb must not dip in the liquid, even with distilled 
water. 

This level of Hg is marked on the tube and called the boiling- 
point. Now, the space between these two points is alwaj^s a defi- 
nite quantity, and is taken as the unit of temperature, just as a foot 
or metre is taken as the unit of length ; but the foot-rule is conve- 
niently divided up into inches for the purpose of having smaller 
units ; so likewise the unit of temperature is divided into a number 
of parts of equal capacity called degrees, and the scale may be ex- 
tended above or below the fixed points. 

What axe the three scales? 

Depending upon the way in which the space between the fixed 
points may be divided, we have three different-sized degrees. 

Should one man divide the space 
into 1 80 equal parts, another into 
100, and another into 80, evidently 
the first one would get quite small 
degrees, there being so many of 
them ; the next would be larger ; 
and the last largest of all. Fah- 
renheit divided the space into 180°, 
aii'l his SL'ale is used in England 
all 1 the United States— abbre- 
\ ale J F. 

The Centigrade scale (100 steps), 
invented by Celsius, has 100°. and 
is coming into universal use — ab- 
breviated C. 

The Reaumur scale has 80°, and 
is used more or less in German}' — 
abbreviated R. 

It will be noticed that Fahren- 
heit's point does not correspond 
with the others, while his highest point does. Tba ^^^ \3«n& Vw^- 
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ftcncd was thi»: he took as his lowest point the tempenture ob- 
tained by mixing eriual weights of sal ammoniac and snow. This 
was the lowest temperature then (1714) known, and was thought 
to represent absolute cold. His boiling-point is that of wmter, and 
the reason that he divided the space into 212 dirifflons is that he 
was ex|)enmenting with 11,124 volumes of Hg. On heating to 
boiling-|K>int of water it became 11,336 volumes, or 212 Tolumes 
iiicreuse ; so he took that number of divisions for his scale. When 
Fahrenheit's thermometer is placed in melting ice, it stands at 32^, 
and not at 0°. Note that the degrees above point are written 
as I , below as — . 

How do you convert degrees of one scale into those of 
another ? 

If we are converting F. degrees, we must first subtract 32, in order 
that the degrees may count from the same part of the scale ; then, 

180°F. -1()0°C. =80°R., or 
9°F. - 5°C. = 4°R. 
1°F. - 8°C. - fR. 

Roduco I22°F. to V. d(%'rees, thus: The 122° F. mean 122° above 
hJH zc'ro, and not iilmve Ireezin^-point ; it would be only 90° above 
that point, first Hu})tractin,ir ',V2, to get it on the same basis that the 
(\ Hcal(^ is. I ° F. = g° C. ; hence 90° equals 90 X f = 50° C. 122° 
F r>(r (\ Am. 

HulcH coininitted to memory are dangerous, and it is better to 
rcanon out tin; result as above, or else use Simple Proportion: 
IK(r F : 100° C. : : (122° F. — 32) : .t° C. Expressed in formula, 
liow(?v(;r, we liave (F. — .32) g = C. 

The main point of difficulty may be the subtraction of 32, or its 
addition to a nep:ative dejofree. Remember to do it algebraically. 
If your algebraical knowledge is not recent, make a diagram of the 
V. Hcalci and mark the problem upon it. 

(\)nvcrt 0° F. to C.°: 32° subtracted from -1-6°, or you may say 
32° v,Mvx than 0° above 0, gives 2()° below 0, or —26°. +6 —32 = 

-20 X i = ~l^'^^--- —14.4° C. 6° F. = — 14.4° C. Ans. 
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Convert —10° F. to C°. : 212 

Consider that if the thermometer now stood at 10® below 

0, where it would stand if the weather became 32° colder ; 

evidently at 42° below. (—10° F. — 32°) = —42 X f = 

—210 



^ =— 23.3°C. Ans. 
Convert 0° F. to C.° : 

0° F. —32° = —32 X f = =^ = -17.7° C. 



To convert C.° to those on a F. scale. 

Convert 50° C. toF.°: 

We know that 100° C. ■= 180° F. 

5° C. = 9° F. 

1° C. = f ° F. 



32 

+6 


—26 



If 1° C. =f° F., 50° C. will be 50 times as much. 50° C. Xf = 
90° F. As the 50° C. were reckoned above freezing-point, the 90° 
F. mean 90 degrees above the same point on the F. scale. But all 
scales begin to reckon from the point, which with Fahrenheit is 32 
degrees lower than the others. So 90° above freezing is 122° above 
zero. 50° C. = 122° F. Formula is C f + 32 = F. 

Convert —10° C. to F.° : 

— 90 
— 10 X f = -r- = — 18. Here the minus sign means 18° below 

the horizontal line of our diagram — i. e. below freezing-point. See 
where this would be on the F. scale above or below 0, for it must be 
referred to that. It is the same as 14° above 0, or —18° F. + 32° 
F. = +14° F. —10° C. = +14° F. 

Convert —40° C. toF.°: 

—40 X I = —72. That is 72° below freezing, or 40° below 0. 
—72° F. + 32° F. = —40° F. Ans. Notice that the two scales here 
ineet. 

Convert 0° C. to F.° : 
0X1 = + 32 = 32° F. Ans. 

Reaumur can be converted into F.° or C.°, or F.° and C.° can be 
converted into R°, by similar methods. R.f + 32 = F.°. 
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The following problems are suggested for solution : 
Convert to C.° : 

+6° F. +86** P. 

+40° R +20° P. 

+300° F. —8° P. 

+33° F. 0° P. 

+80° F. +32° P. 

—10° F. +212° P. 

Assume these same figures to be on the C. scale, and convert them 

toF.°. 

What are the causes of maconracy in thermometers T 

Themiomotors are never accurate. The glass contracts and ex- 
pands, as well as the Hg. Causes of inaccuracy are — 

1. Imperfect calibration ; 

2. Moisture in the Hg before tube was sealed; 

3. liack of thorougli curing ; 

4. Incorrect graduation ; 

5. Displacement of zero. 

Explain the fifth cause. 

The (lisplucoinont of zero may amount to as much as 2°, and it 
goiiorally rises, so tliat vfhen the thermometer is placed in melting 
ic'o it 110 l()nju:cr sinks to 0°. It is attributed to a diminution in vol- 
ume of bulb and stem, due to tlie pressure of the atmosphere. 

Besides tliis slow displacement, tliere are often variations in the 
position of when the thermometer has been exposed to high tem- 
peratures, caused by the fact that the glass does not contract to its 
original volume on coolin^r. 

Describe the alcohol thermometer. 

For temperatures below — 30° C. alcohol thermometers must be 
used, for ITg expands irregularly below this, and solidifies at — 40° C. 

The alcoliol is colored, and in the graduation this thermometer 
is placed in the same bath with a standard mercurial thermometer, 
so the two indicate the same temperature under the same conditions. 

What are the advantages and disadvantages of alcohol ther- 
mometers ? 

Advantages : 1 . The alcohol is a liquid ; 

2. It does not solidify till — 130° C. is reached. 
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rDisadTaatages ; 1. It boils at 78° C. : 
2. It eitpandfi very irregularly as it approaches 
this point, 
There is also a vxight tiiermometer, where the temperature is cal- 
culated from the Hg which overflows. 

Describe the air thermometer. 

These iheruiometers are baaed on the expansion of air by increase 
of temperature. A hullj is blown on the lower end of an opeu eapillary 
tube. The bulb is filled with air, and its expansion is deuotjid by 
the rise and fall of colored IIi>SOj in the tube. The scale is made 
by comparing it with the iudieations of aHg themiomet«r. At each 
observation a correction has to be made for atmospheric pressure. 
Such instmmenU are very sensitive, and are useful in some scieuLifio 
_ investigations. 

it is a delicate and an aocnrate thermometer ? 
thermometer may lie delicate in two ways ; 
I. By indicating very small changes of temperature, 
idicating those changes (juickly. 
Such a thermometer baa wide degrees, and difTerences can be 
easily aeen. 

A delicate thermometer is not necessarily accurate. An inxurale 
thermometer shows changes in T, correctly. 

What are clinical thermometers ? 

These have a small, thin bulb, ao as to Quickly indicate changes 
of T. They ranfre from yi)" F. to 1 10° or i 12" F. ITie average T. 
of health is 9S.6° F. or 37° C. These are registering! thermometers, 
and generally have an index of a detached portion of the column 
ofHg. 
Describe the maximnm and minimnm thermom'eters. 

Ri-cordiiig Ihennimii'lern iire useil mostly for mcieorological pur- 
poses, and are constructed to indicate maximum and minimum 
points, thus avoiding continuous observation. 

Rutherford's is the simplest. On a rectangular piece of plate 

a (Fig. 341 two thermometers are fixed with stems horizontal. 

n thermometer, and contains Hg. B w, vW to.\w.- 
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mum, and contains alcohol. In A the index is a small piece of < 
wire moving freely. As soon as the Hg contracts, the wire remains 
at the iKiint where it had been pushed, for there is no adhesion be- 
tween iron and Hg. I'he wire can be moved back by a magnet In 
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B a Hmall hollow jDflasfl tube or an ivory slip is the index. When 
the coluinii of alcohol contracts, this index goes with it by adhesion. 
Wh(;n the column expands, it passes between the sides of the index 
or through it, and does not displace it. 

What is the principle of Dr. Draper's thermometer? 

This (IcpondH upon the principle that when you heat a piece of 
metal, the Huh tliat expands becomes convex, and hence the ends 
of the iniital turn from the expanded side. 

What are pyrometers ? 

Pyrometers are instruments for measuring T. so high that Hg 
therm()met(»rs voxM not be used. They were devised by Wedge- 
wood, who noti<^c(l that earthenware contracted by great heat. The 
instrumentH now used (hipcnd upon the expansion of gases or upon 
the electrical pr()})ertics of bodies. The different kinds are — 

1 . Bricks which contract at high T. ; 

2. Metals which expand at high T. ; 

3. Gases which expand at high T. ; 

4. Thermo-electric piles ; 

5. Metals which fuse at known T. 
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CHAPTER Vm. 
SEOOHD EFFECT OF HEAT.-CHANOE OF VOLTJME. 

Expansion of Solids. 
What dimensions are increased by expansion! 

We may consider film expansion in one dimension, or li'neur ex- 
pansion; in two dimensions, or superficial ; in ihree dirannsioDB, or 
RBpflfljio?( of voliime ; yet no one of these ever occurs without the 
other. In liquids and gases only expansions of volume can be con- 
sidered. 

Linear expansion can be shown by a pyrometer, where a metal rod, 
with one cud Gsed, ia heated, and the free end moves an index. 
The cubicul expausion of solids can be shown by Gi-nwsaiide » fi"!/, 
wliicb consists of a brass ball passing freely through a ring at ordi- 
nary T. Wbcn the ball is heat«d it espands, and no longer slips 
through. 
Wbat is the coefficient of expansion? 

It is the expansion due to the rise of T. of one deprec, usually 
taken I'rom 0° 0. to 1° C. 'flie number representing it is a. fraction 
of the size of the body at freeaing- point. There are coefficienls fur 
hnear, superficial, nod cubical expansion, the later being three times 
that of the linear. 

Id solids the cuefEcient ia pecoliar to each body. From if C. to 
100° C. glass expands ^^ of its volume ; iron, j\^ ; ccijii»er, j^ ; 
silver, g^. The coefficients Increase with temperature, and are nut 
quite regular — i. e. a body may increase more in size in Irciug beat^'d 
from 49° to 50° than it did in passing from 0° to 1°. Tliis is true of 
solids and liquids only. We must have uniformity of expansion in 
order to have a, fixed coefficient. 
What are some illustrations of expansion? 

Sonic niclola expand about seven times as uiucb us others, and all 
with almost irresistible force, A wrouj;ht-ir<in md willi n cruss- 
Bcction of I sq. in. and 10 in. lonj;, in being heated tlituvv^\v ^'? ^. 
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would exert a strain of 50 tons. A mile of railroad rails will expand 
3^ feet in passing from winter to summer temperature. 

This fact of expansion has to be considered in the oonstruction of 
all large buildings and bridges. The Goddess of Liberty moves by 
expansion when the sun is on it. A curious case of incorrect surveys 
occurred at Washington, D. C. , by taking the head of the goddess 
on the Capitol as a fixed point. Illustrations are numerous. 

Railroad rails must have a small space left between them. Water- 
pipes are fitted with telescopic joints. If glass is heated or cooled 
rapidly, it cracks, for it is a poor conductor and becomes unequally 
affected. The siune is (riio of a crystal of S. 

What axe some of the applications of the principle T 

The contractile force afhT oxpaiision is seen in setting hot tires on 
wheels or in riveting boiler- plates with hot rivets ; it was also seen in 
the case of an art -gallery in I^iris, the walls of which had begun to 
bulge. Iron bars were passed across the building and screwed into 
plates placed on the outside. Each alternate bar was heated by 
lamps, and when expanded was screwed up. On cooling they con- 
tracted and drew the walls together. The same operation was then 
performed on the other bars. 

How is expansion corrected in ci^se of pendulums T 

It is necessary that pendulums should remain of the same length 
at all times, or they will vary in rapidity of oscillations. The pen- 
dulum does not make the clock go ; it regulates it. 

The conipensfftion pemhtJum or gridiron pendulum is so con- 
structed that its length will remain constant through changes of T. 
It is made of alternating bars of steel and brass, so arranged that 
the expansion of one set counteracts that of the other. There are 
five steel rods and four brass ones. From the arrangement of cross- 
pieces above and below, the elongation of the steel rods can only 
take place in a downward direction, and that of the brass rods in an 
upward direction, and by as much as one set tends to lower the ball, 
the other set tends to raise it. 

Compensating strips made of copper and iron soldered together, 
and placed upon a pendulum rod at right angles to it, also make 
corrections for T. The strip becomes convex or concave, and raises 
or lowers the ball. 
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The Bimpltist method is the niereuty pendulum, inveoted by an 
Eugliah watchmukur, UruhLim. The hall conaisis oi' a cylinder filled 
with ilg. When the T. rises, the rud lengthens and lowers the 
centre of gravity, but at tliB same time the Hg expands in the cylin- 
der and |>rodu«» an equal inverse effect, Hg enpanda about i part 
in fiU ill passing from 0° C. lo 101)° C. 

The same prinoiple is applied to the compfwuitiHg balances of 
chroDomet«rs and watches. What we call the nateb regulator or 
bahiHix-iehed is furnished wich a. spiral spring, p,^^ ,^ 

and the time of the watch depends upon the force 
of the spring, the moss of the balance, and ou its 
circumference. The wheel is made of (.■ompen- 
eating strips, the more expansible metal being 
placed outside, and at the ends of these are small 
maaaea of metal (Fig. 35). When the T. rises, 
the circnmference increases and the watch goes 
slower. A part of the mass must be bnioght net 
which ia effected by the incurving of the strips. 

Ezpcuisioii of Liquids. 
Explain apparent and real expansion. 

If wi* liiki' a thin glass flask prnviiteil with a narrow stem, and fill 
the fiask and part of the stem with colored liquid, and plunge it into 
hot water, at first the liquid iu the st«m will sink, and immediately 
tliereaftcr it riaea. 

The sinking of the column ia due to the expansion of ihe gtasa, 
whidi becomes heated before the heat can reach the liquid ; but the 
eKpausion of the liquid soon exceeds that of the glass, and ita col- 

Elonce in ease of liquida we have apparent and real expansion. 
Tlie apparent is that which we can actually see. The real or ubso- 
liili: is that which would be observed if the vessel did not expand. 
Note real and apparent volume, p. 25. 

What is the coefficient of expansion of a liquid ^ 

It is the increase of (he iinii c)f voliirnii for a single degree. Cu- 
bical expansion is alone considered. We may have a coefficient of 
^lule expansi'iri, and one of apparent expansion. 
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The absolute expansion of Hg can be obtained by using two ves- 
sels connected at their bases by a capillary tube. The Hg stands at 
the same level in both. Heat one vessel, and from the difference in 
the levels the absolute expansion is calculated, The coefficient is 
found to be ^^ between 0° C. and 100® C, and practically the 
same between —36° C. and 100° C. 

All liquids have different coefficients, and hardly any expand mii- 
formly, this irregularity increasing as the liquid nears its boiling- or 
freezing-point. 

Olive oil expands xV from 0° to 100** C. 
Water '' ^js " " 

HCl " ^r " 

The force which liquids exert in expanding is very great, and 
equal to that which would be required to bring them back to their 
original volume. It would require 9000 lb. to prevent Hg from 
expanding while being heated from 0° C. to 10° C. 

What is the maximom density of water ? 

The general nile is for matter to expand on heating and contract 
on coolinu:. Water offers a partial exception. In heating water 
from C C. to 4° C. (32° F. to 39.2° R ) its volume decreases. Heat- 
ing beyond this point, it will expand. So at 4° C. it will expand, 
whether 3^ou heat or cool it. Its density at + 8° C. would be equal 
to that at 0° C. Water is therefore said to be at its maximum den- 
dhj at 4° C. 

What experiment shows this? 

Take a deep vessel with a lateral aperture above and below ; into 
each fix a thermometer. Fill the vessel with water at 0° C, and 
place it in a room warmer than that temperature. As the layers 
of liquid at the sides of the vessel become heated, they will sink to 
the bottom, and the lower thermometer will mark -|-4° C, while the 
upper one is still at 0°. This shows that water is heavier at 4°, its 
maximum density, than at 0°. 

How is this phenomenon important in nature? 

In winter the temperature of the lakes and rivers falls, the colder 
water sinks to the bottom, and there is a series of currents until all 
is reduced to +4° C. The cooling on the surface still continues, but 
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these layers, cooled between +l°andO'', beiag lighter, remain on the 
Butiace and ireote when 0° is reat-hed. Tlie ice then protects the 
water below, which remaina nt 4° even in severest wcallier— a tem- 
perature which does not deatroy fish or other inhabitants of water. 

Expansion of Gaaea. 
What is tile coefBcient of ezpanfiion of gases t 

Gases are liie most expansible of nil bodies, and also the most 
regular. Solids and liiiuida have their own peculiar coefficients, 
varying with the subatttnce and varying with the temperature. 

But all gases have the game co^deiit, and their expansian is uni- 
form at nil tnnperat.ureg and jiTteturm. (There is a slight deviation 
trom this law at high temperatureB. ) 

Under uniform pressure any volume of any gas is increased j^j 
for each degree C, or ^ir f""^ ^<^'' degree F., that ila temperature is 
raised. This is the single coefficient of expansion for all gases. 

All the above 



What is meant by abiolnte zeroT 

As a body of air on being heated increases jf^ of its volume for 
each degree, at -^-^Ti' C. its volume will be doubled. Also, if it lie 
cooled below 0", its volume will diminish by j|j for each degree, so 
that theoretically at — 273° C. there would be no gas left— annihila- 
tion of matter. But long before it reaches that degree of cold the 
gas would change lis state and become a solid, and then be no longer 
subject to Boyle's law. This point, however, of —^73° C. or —459° 
F. ( — tiH° + 32°) is called aliKolirle zero, and temperatures reckoned 
from this ]>oint are cidled (ibunlvli- temperatures. 
What is the law of Charles? 

It IuUqws from the above that "avolume of gas at a constant 
pressure is proportional to its absolute temperature. " This is called 
the law of Charles. The density of a gas being invereely as its vol- 
ume, the density is therefore iiiversely as its absolute lemperature. 
This is a familiar fact. Hot air is lighter than cold. Bud air, being 
wanned, is at the top of a room ; let it out here, and let good air in 
at the bottom. 

Forced ventilation can produce currents in any direction, and gen< 
erally from top to bottom. 
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The following problems are suggested for solution : 
Convert to C.° : 

+6° R +86° F. 

+40° R +20° R 

+300° R —8° R 

+33° R 0° R 

+80° R +32° R 

—10° R +212° R 

Assume these same figures to be on the C. scale, and convert them 

toR°. 

What are the causes of inaccuracy in thermometers ? 

Thermometers are never accurate. The glass contracts and ex- 
pands, as well as the Hg. Causes of inaccuracy are — 

1. Imperfect calibration; 

2. Moisture in the Hg before tube was sealed; 

3. Lack of thorough curing ; 

4. Incorrect graduation ; 

5. Displacement of zero. 

Explain the fifth cause. 

The displacement of zero may amount to as much as 2°, and it 
generally rises, so that when the thermometer is placed in melting 
ice it no longer sinks to 0°. It is attributed to a diminution in vol- 
ume of bulb and stem, due to the pressure of the atmosphere. 

Besides this slow displacement, there are often variations in the 
position of when the thermometer has been exposed to high tem- 
peratures, caused by the fact that the glass does not contract to its 
original volume on cooling. 

Describe the alcohol thermometer. 

For temperatures below — 36° C. alcohol thermometers must be 
used, for Hg expands irregularly below this, and solidifies at —40° C. 

The alcohol is colored, and in the graduation this thermometer 
is placed in the same bath with a standard mercurial thermometer, 
so the two indicate the same temperature under the same conditions. 

What are the advantages and disadvantages of alcohol ther- 
mometers ? 

Advantages : 1 . The alcohol is a liquid ; 

2. It does not solidify till — 130° C. is reached. 
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Some substances pass from a solid to a liquid state, without show- 
ing any definite melting-point. 

For example, glass and iron become softer and softer, and pass by 
degrees to a liquid condition. This intermediate condition is called 
a state of vitreoiis fusion. 

This is a valuable property of pure iron in welding. Iron has 
peculiar qualities given it by different degrees of heat. There are 
three states of iron. Wrought iron, the first state, is 99.75% pure. 
Cast iron, the second state, is 95 fo pure. It contains some C and 
Si. Steel is the third state of iron, and is 98% pure. 

What is the influence of pressure on the melting-point? 

Pressure has practically no effect on the melting-point, being thus 
very different from its effect on the boiling-point. 

Under pressure, however, the melting-point is raised a Uttle for all 
substances which expand on passing from a solid to a liquid state. 
Such bodies have to do external work — viz. raise the pressure of the 
the atmosphere by their expansion. If the external pressure be in- 
creased above tliis atmospheric pressure, the power of overcoming 
it can only be obtained by an increase of the vis viva of its mole- 
cules ; this means a higher T. The fusing-point is therefore raised. 

In case of bodies which contract on passing from a solid to a liquid 
state, of which water is the best example, pressure lowers the melt- 
ing-point. Melting ice has no external work to perform, no exter- 
nal pressure to raise, but in melting it transforms external work into 
heat, and so renders a smaller quantity of heat necessary. 

A pressure of 8 atmospheres would only lower its melting-point 

Iff ^• 

What is an alloy ? 

An alloy is a mixture of two or more metals. An amalgam is 
an alloy of Hg with some other metal. Tin amalgam is the reflect- 
ing surface on the back of a mirror. 

An alloy generally melts at a lower point of T. than either of its 
component metals. This melting-point is not a mean, nor does the 
most iusible metal melt first. 

Newton discovered an alloy of tin, lead, and bismuth which melts 
at 94° C. 
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mum, and contains alcohol. In A the mdex is a small piece of ina 
wire moving freely. As soon as the Hg contracts, the wire remains 
at the point where it had been pushed, for there is no adhesion be- 
tween iron and Hg. The wire can be moved back by a magnet In 
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B a small hollow glass tube or an ivory slip is the index. When 
the column of alcohol contracts, this index goes with it by adhesion. 
When the column expands, it passes between the sides t)f the index 
or through it, and does not displace it. 

What is the principle of Dr. Draper's thermometer! 

This depends upon the principle that when you heat a piece of 
metal, the side that expands becomes convex, and hence the ends 
of the metal turn from the expanded side. 

What are pyrometers? 

Pjrometers are instniments for measuring T. so high that Hg 
thermometers could not be used. They were devised by Wedge- 
wood, who noticed that earthenware contracted by great heat.. The 
instruments now used depend upon the expansion of gases or upon 
the electrical properties of bodies. The diiferent kinds are — 

1. Bricks which contract at high T. ; 

2. Metals which expand at high T. ; 

3. Gases which expand at high T. ; 

4. Thermo-electric piles ; 

5. Metals which fuse at known T. 
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If we take 1 lb. of water at 79° C, and 1 lb. of water at 0° C., 
the T. of the mixture will be the mean. But 1 lb. of water at 79° 
C. and 1 lb. of ice at 0° C. give a different result. 

1 lb. water at 79° C. or 174.2° F. 

1 lb. water at _0° C. or 32° F . 

2 )79 2 )206.2 

2 lb. water at 39.5° C. or 103.1° F. 

One loses as much as the other gains. Now take 

1 lb. water at 79° C. or 174.2° F. 

1 lb. ice at ^ C. or 32° F. 

Result is 2 lb. water atja^C. or 32° F . 

Loss of 79° C. or 142.2° F. 

Apparently, 79° C. have disappeared. It has done work— viz. 
melted ice without raising its temperature. 

This will be better understood if we put 1 lb. of ice at 0° C. in a 
beaker, and the beaker in a vessel of boiling water. At the same 
time put in the boiling water another beaker containing 1 lb. of 
water at 0° C. Note the T. in the two beakers at the moment all 
the ice is melted. It will be found that the T. of the ice-beaker has 
not changed, while the other has risen to 79° C. Both received the 
same amount of heat; hence the amount which disappeared in 
changing the state of ice was 79° C. This heat is not lost, for it 
will be given up when a reverse change takes place — ^when water 
becomes ice again. A thermometer cannot detect the difference 
between ice at 0° and water at 0°, though there are 79° difference. 
To cool off a patient most effectively, therefore, you would use 
pounded ice, and not ice- water, for the ice extracts 79° C. from him 
before it becomes ice-water. 

Each substance has its peculiar degree of heat, which it makes 
latent 
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What will be the result of the following mixtures! 

(1) 5 lb. of water at 142° F. = 710 heat-units. 
3^[b, " " 32°F. =_96 " ** 

8 lb. water 8)806 heat-units. 

lOO.r F. Ans. 

(2) 5 lb. water at 142° F. 

3 lb. ice " 32°. 

The water has 710 heat units. The ice will absorb 142 X 3 = 426 
units in becoming water at 32°, leaving 710 — 426 = 284 units. But 
3 lb. water at 32° will have 96 units -|- 284 = 380 -^- 8 =47.5° F. Ans. 

What is the process of solution ? 

A body is said to dissolve when it becomes diffused through a 
liquid. The change of state here is brought about by means of this 
liquid. 

Fusion, we saw, was produced by heat more or less directly applied. 
The dissolving liquid is called the solvent, and the resulting liquid is 
called a aolution. When the adhesion between the solid and liquid 
is satisfied or balanced by tlie cohesion in the solid, the solution is 
said to be saturated: when the solution will take up much more of 
the solid it is (h'hite, and concent ntted when it will take up none or 
but little more. 

Heat generally weakens cohesion more than adhesion; so, with 
few exceptions, hot liquids dissolve solids more rapidly than cold 
ones. Water is the great solvent. 

What changes of temperature occur during solution 1 

During solution, as well as in fusion, a certain quantity of heat 
becomes latent ; hence the solution of a substance produces a dimi- 
nution of T. In certain cases, however, the T. actually rises, as when 
caustic potash is dissolved in water. 

But here are two opposite phenomena. One is the change of the 
solid to a liquid state, which always lowers T. ; the other is a chem- 
ical combination, which raises T. ; and as one or the other of these 
two effects predominates, or as they are equal, the T. either rises or 
sinks or remains constant. If we put sulphocyanide of ammonium 
into hot water, the temperature will fall below the freezing-point. 
The water has to give up all its heat to make the substance liquid. 
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What is solidification or congelation and its laws? 

SulidiGcation is the ijossagc ul' a. body frum a liquid to a solid 
state. Its laws are analogous to those of fusion. 

1. A t^tiid eaanat tolid(fy until it hax reached a fixed T. — viz. its 
frtaing-poiat — aiid (Aw varies for each liquid. 

2. The temperature remains constant from tlie commeiieemenl to 
the rmi of nolidificalion. 

A third law might be added : A liquid cannot solidify vntil aU the 
latent heat m out of it. 

Certain fals after repeated tiisions seem to undergo a molecular 
change which altera their inelting-puint ; hence an esceptiun to the 
firet law in regard to a fised T. for each liiiuid. The latent heat 
aKsorlied during fusion becomes free at the moment of solidification. 
Fanners understand this, and keep a barrel of water in their root- 
cellar. It serves as a reservoir of heat. Water on freezing gives 
out a great deal of heat — at a low T,, it is true, yet high enough to 
protect the vegetahles. 

Wh&t is orystallizatiott? 

Crystallization is due to the property of polarity, and is a process 
of solidification. Nearly all substances crystallize in paKsing from a 
liquid to a solid state. Nobody knows why some niinerala and some 
complex organic bodies, like albumins, will not crystallize. Such 
substances are c/ilbwh. 

If cij'slals are formed from a body in iiision, aa sulphur or bis- 
muth, the prowsa is said W take place by the dm way. Crystals 
are formed better in the slow process of cooling or by slow evapora- 
tion. This is the moint vxiy. Some crystals in nature weigh tons. 
Beryl, a faded emerald, ia an example. 

What conditions may retard the point of solidiflcation T 

If a liquid is pbcwl under poeiiliar conditions, it may be cooled 
several deirrecs below its freezing-point and not solidify — a curious 
Blate of unstable equilibrium. 

Place water freed from air by boiling in a clean vessel, and it may 
bo cooled to— 15°C. without IVeezing. It has to be started by 
agitating it or putting in something for a nucleus, like a grain of 
sand, when it freezes at once. Such sohdificatiaw \sVq& -^(^isieri 
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ni|M«)ly, iukI is Huflicicnt to raise ihe T. of the fii^nid vp to die onfi- 
iiiirv In^oxin^ |Hiint, wlien Holidification is compleced. 

nti|M«l uKi(i«ii«)ii |)n>v<>nt8 the formatioD of ice. 

NVuitM* in i'upillury tulx^H ojui be lowered to — 2ff C. wrtkoot 
l\i'oy.inu ; (huH sup may remain unfrozen Id the capillaiy veseek of 
pliiiit** \\\ NovoH' wouthcr. l^owerful pressure retards the fireexiDcr of 
>Miiri-. |th)lml>ly by opiNmin^ its tendency to expand. 

SiiltM in Miliition or foreign bodies lower the freezing-pouiL Sea- 
>\tUiM' rjiM»7,0M at - T (J. (27® F. ). Its ice is quite pure, leaviDg a 
•aiiinctUMi sobiiion Unbind. 

Whnt ohnufff^ of volume takes place on solidification or liqiie- 

HirtiouT 

Tbo o\|»MHNinM t»r iHMlioH generally increases as they approach 
HtiMv inolhitf. points, and thiH is followed in most cases by a further 
rxpiOfiinii at I bo uionuMit of liqiicfuction, so that a liquid occupies 
n iM Tilt or Nobniu* tliaii tbr solid from which it was formed ; hence it 
Im li.ilii« r Wator prosiMits a remarkable exception: it expands at 
\\w juionmi ol' w»li(iirvin.ir. so that 10 parts of water go to form 11 
pnHu ol loo . ibort^lon' ioo iioats, having a greater volume. An ice- 
bt'iii \'i i\\\o\\\ ,', o\ii i\\' wator and \^ under water. 

Tho 'i\\ i\v ol w'o is .'.M7S. This increase of volume informing 
In' iy Mi« tUHpuntiMJ by an ahnost irrosistible force, which is one of the 
nin^i pi»\vorri\l Mi'onis ol ?iat\nv and a most lucrative source of in- 
mnn' In ibo plionhor. It splits stones, moves rock -beds, and disin- 
liMUnloH iho onrlbs sni'laco. 

Alsijor WilliiunM or(\»nada fillod an iron bombshell with water, an.l 
llrnily oloMod ilu^ \onl with an iron plug weighing 3 lb. He exj>ost\l 
il 1m ibo IVosi ol' his oonnlry, and alter a while the plug was thrown 
H'j Tool wilh M liinil oxplnsion. 

CmmI iron antl Hi oxpa?id (»n cooHnu: like water. Pb and Sb con- 
triiol. vol nn alloy of those two — viz. type-metal — expands and fills 

UiiMlldM. 

What is the principle of freezing mixtures? 

M'ho absorption of boat in the passage of bodies from a solid to a 
li(piid stato has bocMi used to produce artificial cold. So-called ^rceiz- 
///</ mi.rfiiirs are used — either two solids or a solid and a liquid which 
have chemical affinities for each other. It is a chemical operation} 
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and if the solid enn get heat enuagh Trom ita BurrouodingB, it will 
liquefy, aod its nei^'libur will freeze, being robbed of ita beat. When 
vie mis about 2 porta of snow or pounded ico with I part of common 
gait, the affinity of salt for water liquedus the ice, and the resulung 
liquid diaaulvea the stilt, both upenitiuua roiiuiring beat from else- 
wbere. This will give aT. of — 1H°C. Chloride of calcium and bnow 
in parts of 2 to 3 will proiiuee a T. of — iS" 0. and will treeze Hg. 
Sulphocyanide of ammouiiim is also a most remarkable freezer. 

Vapors. 
Define vapor. 

A vajKir is iin aenrnnu fluid easily changed to aliqaidi it is an 
easily eondeusible giia. A gas is not xu ututily cliuii^ed. 

VotnU'le tiqiiidx are those which posaewi the prui«:rty of passing 
into an aeritbrm state, as ether or aluuhol. I'ieed liqiiiJii do not 
form vapors at any teiupemture without undergoing eheuiicaldeuoiu- 
position ; sueh arc the fittty oils. Fattg or .fixed and esseiitiiil or 
volatile are the terms used. 

Some solids, Uke ic«, camphor, orcarbonalcof amuioiiium, and in 
general all odoriferous substances, pass directly into a, st&te of vapor 
without first becoming a liquid. 
Sefinitioiu. 

Vaporaatioit is the general term by which to designate the pas- 
sage of any substance into a vapor or gas. 

EaiporalioH means the slow prwlnctlon of a vapor or gas at the 
free surface of a body, solid or liquid. 

Boiling or ebtdtilio/i is the rapid production of vapor in bubbles 
throughout the mu^ of the liijuid itself— bubbles from the bottom of 
the liquid in boiling ; bubbles from the top of the liquid in evapora- 
tion. 

The singing of the tea-ketlle is due to the condensation of steam 
from the lower strata by the upper colder layers. 

Heat hastens evaiioration. It takes place over a wide range of 
T. It has no fixed point, and nay take ploee with the same liquid 
at very different temperatures, though there are limils below which 
it does not occur. Hg is said not to evairorat* below 0° C. 
Define boiling^poiiit, 

Boiling, on the other hand, takes place atafixeAT,,Mvi"CQ.'e.\K>l- 
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xng-poiiil of a liquid is that point where the teoBioD or measure of 
its vapor eijualB the pressure it eupporls. 

A colorlL«s gae is invisible, though a colorless liquid is not, due to 
its dificruiit refractive powers. Five gases have color — CI, Br, I, 
and two uf N. VujHjrs arc transparent lilte gas^ and usually col- 
orless. >S(eaiii in c-olorlexs, and consists of bobbles of water in air. 
Only a few colored liquids give off colored vapors. 
Do yapon have elaatio force T 

Vapors have elui«tie force like gases, and exert pressures on the 
lides of the vesselH in which they are conUined. Thb ten«on 
varies wilii different vajmrs. Cold and preaaure convert the vapor 
into a liquid, and, uti the other band, heat converts the liquid back 
into a vapor. 

What are the laws for formation of vapon in Taanol 
Put iuh) Torricellian vacua various liquids, as a few drops of water, 
alcohol, and ether into B, C, and D of fig. 
36. A stands as a barometer. When the 
liquid reaches the vacuum, instantly the 
column of Hjr fulls. This cannot be due to 
the weiwht of the few drops of liquid intro- 
duced, but rather to the formation of some 
vajior whose clustic force has depressed the 

The depression is greater for alcohol than 
for water, and greater for ether than for 
alcohol. 

We consequently oblwn two laws : 

1. Ill a vnnmm alt volatile liquuh are 
imlantawowtln converted into a vospor. 

2. At the. wime Ifrnperatiire the va^ton q^ 
different liqiiiih hare liiffrreiit eltutic forces. 
What is a Batnrated vapor t 

t~ Suppose we continue to add ether to D 
until it ceases to vaporize and remajos liquid. 
The depression of the Hg column also eeasea, 

and the space is said to be saturated. A vapor that is in contact 

with its parent liquid is gaturat^ 
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Does a eatorated vapor obey Boyle's law^ 

Tliere h a limit U) the (ensiun ol' a Siiturjtei] vapor. To show 
ihere is a maximum of tcnxloti which the va]>ur uinnut exceed, dip 
a barometric tube in a deep bath of Hg. Add ether in excess to 
the Torrii^lliati vacuum. Note the heij;ht of the Hg column, and 
now, whetber the tube be depressed, which tends to compress the 
vnpor, or whether it be raised, which teuils to cxputid it, the height 
of the column of Hg is constant ; only the length of the space ubove 



changes. 

When this saturated vapor is compressed, a portion returns to the 
liquid state ; when prepare is diminished, a portion of the excess 
of L(|aid vaporizes, and in both cases the tension and density of the 
vapor remain constant, therefore disobeying Boyle's law. 

How do imsatnrated vapors behave? 

A noii-faliiTiUed vapor behaves exactly like a gas, and is subject 
to Boyle's law. 

If in the above experiment we introduce only a little ether, so its 
vapor is not saturated, and then raise or depress the tube, the Hg 
column will rise and fall, showing that the elastic force of the vapor 
diminishes and increases "inversely as the pressure." Whenever 
unsaturated vapor is heated, it expands like a gas. Ordinal? gnses 
are not saturated, and we may tletine a gas as an unsaturated vapor. 
Kvery gas is the vapor of some liquid ; only vai>ora are easily turned 
back, and a gas is not ; f. g. oxygen gas. 

What can be said of the tension of aqneons vapor ? 

Even below Kcro, water evaporates ; aqueous vapor is present, 
and has tension. If water at 0° C. be introduced into a Torricellian 
vacuum, its vapor will depress the Hg column 4, 54 mm. ; at — 30° 
C. the depression will be I). 36 mm. • 

The reason that water does not boil in an open vessel below lOO" 
C. is, that the tension of its vapor cannot liR the weight of the 
atmosphere. Above 11X1° C. the tension is meoaured by a manome- 
ter or preasure-gaugc. and the corresponding T. has been detennined 
by experiment If the pressure show U15 lbs. to the si), in. — that 
!. 7 sUnospheres (7X16)— it would correspond X» 165° C. 
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100.0° C. corresponds to a pressure of 1 atmosphere. 

120.6° '' '' " " 2 atmospheres. 

133.9° '' " " " 3 

152.2° '' " ** " 5 " 

180.3° " " " " 10 ^' ' 

213.0° " " " " 20 " 

The tension of vapors of mixed liquids may be equal to the sum 
of the two taken separately if the liquids have no solvent action on 
each other. If they dissolve in all proportions, the combined ten- 
sion is an intermediate one. 

What causes affect the rapidity of evaporation ! 

The evaporations from seas, lakes, soil, etc. rise in the atmosphere, 
form clouds, condense, and fall as rain. Air does not take up vapor 
like a sponge, for ii* it were wholly removed there could be just as 
much aqueous va[)or present. 

Four causes influence the rapidity of evaporation : 

(1) Temperature; 

(2) Quantity of the same vapor in the sunoonding atmo- 

sphere ; 

(3) Renewal of this atmosphere; 

(4) Extent of surface. 

(1) Increase of T. accelerates evaporation by increasing the elastic 
force of vapors. (2) No evaporation could take place in a space 
already saturated with the vapor of the same liquid. (3) is simi- 
larly explained, for if the air or gas which surrounds the liquid is 
not renewed, it soon becomes Siiturated and evaporation ceases. 
Note the old lady drinking tea : she pours it into her saucer to get 
extent of surface i4), and blows upon it for renewal of atmosphere. 

The above cau^s hold good for evaporation in vacua 

What are the laws of boiling? 

1. Pres:furf rnises the hn'/ing-}X)mt of all snhsianea. 2. The 
tempernture at ichu'h liquuh boil differs for il^fflerent suImianeeSj Imt 
is invanaUe for the s^tme substance if the pressure is constant. 3. 
During the prtKrss the temperature renuuns constant until all is 
vaporized. 
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ri! boiling- iiuiiit under one fttmospherc is 
37° C. tor ether. 
78° " " alcoliol. 
100° " " distilled water. 
117° " " acetioacid. 
335° " " sulphuric acid. 
It has been shown that in an homologous series of fatty acids ench 
diffcrenue in composition of UH, is attended bya difl'urcnue oI'lO'^C. 
in llie IjoiJing-iKiiiit.. 

Wbat is the effect of substances in solution on the boiling- 
point ? 
The boiling-point of water is raiseil by the iiresenee of salts in 
solution ; auids itl^u have the siiuie result ; but Hubstances meelian- 
icaily susjiundcd, as bran or shavings, do not affect it, A eatural^d 
suiutiuu of coDimuii salt does not bull till iO'S' U. is reached. Salt 
has affinity for water, and the ostra :2° are retjuired to overcome this 
affinity. The alisenc'e of disKitved air exerts a marked influence. 
Water that has been Ireed from air by a previous ebullition can be 
raised t<i 112° C. without boiling; or boiled-out water covered by a 
layer of oil can be raised to I'M" C., when it suddenly begins t« boil 
witli almost explosive violence. 

What effect does the natnre of the vessel hare on the boiling- 
point! 
tt hassomcthing todo.depeiidincupon wbclberitssurfacesbedirty 
and rough or smooth and clean ; the latter condition retards bnihug. 
If water boils in a cojiper vessel at 1 00°, it will boil in a glass one 
at 1111°; and if the gloss had been previously cleaned by H^O, and 
potash, theT. could be raiiied to 105" or 106° without boihnp. After 
ii licgins to boil, the T. goes down at once to the normal boiling-point 
Whatever be the boiling-point of the water, the T. of its vapor is un- 
influenced by the nature of the vessel. Tlie vapor, however, of boil- 
ing saline solutions is probably hotter than that of pure water. 
How may the influence of pressure be shown 1 

I'rcssuri' is the contmlliiig condition. As presstire increanes or 
^^djlninishcs, the tension of the vapor, and therefore the T. necessary 
^Hh ebullition, must increa.^' iir diminish, A linuiJ niav '■^■*^^ ^^ 
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Fig. 37. 




in« It-finite Dum):«r of bt^iUnsr-pijiDtsw Place a dish of wann water 
undvT the ivcviver of an air-pmup. As the air is exhausted the 
li^iuid l>t.'..nn.s hj l".>il. when the tension of its vapor can OTercome that 

of the rarefied air. Heat and cold can 
sometimes have the same effect, thus : 
Boil water in a glass flask, and when 
all the air has been expelled by steam, 
cork it and invert as in Fig. 37. If 
the bottom be now cooled by cold 
water, the inside vapor will condense, 
and so diminish the pressure that the 
liquid boils. 

In consequence of this diminution 
of iiresf ure water boils on high moun- 
tains at temperatures lower than 100° 
—on 3Iont Blanc at 84'' C. ; in Quito, 
S. A., at 9(fC. 

What is the principle of the ^ae- 
unm-pan! 

This principle of rapid evaporation 
under feeble pressures is made use of in refining sugar and oondens- 
inir milk and preparinL' some medicinal extracts. 

The syrup, for instance, is put into an air-tight vessel, called a 
vncnnm-jHin, which is exhaiLsted by a steam air-pump, and evapora- 
tion goes on at a lowT.. which does not injure the sjTup. Five 
quarts of milk are made into one of condensed milk. 

On the other hand, hy incn^asincr the pressure to 2 atmospheres 
water only bf>ils at 120° C. Tlie fluid in the puht-fflnss and some 
toys ]H)\h on the abf>ve principle of reduced pressure. 

What is the water-hammer? 

All natural water has air and other gases in it. When these are 
lK>il(id out. the wat(T resounds on the sides of the vessel, constitut- 
ing' a iratfr-hnmnipr. Such l)oiled-out water behaves in a peculiar 
faHhir>n. A sudden burst of steam may occur from such water, thus 
p(;rliaf»s (^xplainin.ir scmie lx)iler explosions. 

What is the boiling-point of a mixture ? 
The }K)iling-point of a mixture depends on the proportion of each 
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ingredient If the two liquija mis in all proportions, as alcohol and 
water, then their boiling-point ts the nie»a ; which is not the cose 
with unc<iutJly mixing liquiils. 
How may heights be measured by the boiling-point ! 

We may Qiid out thu lii.'JghlE ul' moiiJituiiis, using the thermom- 
eter inateaii of the barometer. Suppose water boils at 90° on the 
top of a mountain, and at 98° at its base. Tensions of aqueous 
vaponi fur different temperatures have been determined, and so the 
tensions lor those temperatures are sought in iJibles. They will give 
boivmetric height^ and from these the height of the mountain can 
be calculated. 

An ascent of about 1080 ft produces a diminution of 1° C, in the 
boiling-point, or 600 ft. for J° F. The instruments used for this 
purpose are called tkerma-btiromeleft or h'Jiimmeter», and they deter- 
mine heights by meanH of the boiling-point to within about 10 ft 
What is the critical point or temperataiel 

It is that T. above which no amount of pressure can prevent a 
liquid from going into a gaseous state. If alLijhul which half fills 
an hermetically-sealed tube be subjected 
to sufficient heat, a moment is reached 
at which the liquid suddenly disappeats 
and is converted into vapor at 207° C. 
This is ita critical point, and below it 
there is a sharp line of demarkation 
between (he liquid and the gas. A 
vapur can be converted into a liquid 
by jiressure alone, but a gas requires 
both cooling and prerwiire. 
Describe Papin's digester and its 
nses, 

Papin's digester is a contrivance with 
an op|M)site principle to that of tlie 
vacnum-pan, and is used fur boiling . 
under pressure in closed vessels. Pat- 
ent tiiup-littllfx are for the same pur- 
pose, and usefiil where a higher T. than 100° is rei]uire(I. The 
digester consists of a cylindricAl iron vessel with a cover fasL-iw^ 
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by a screw 6 i¥\e. 38). At 8 is a safety-valve arrangement regn- 
lated to any desired pressure. The cylinder is filled about two- 
thirds full of water, for example, and placed over a fire. The T. 
of the water may thus be increased far above l(Mf, and the tension 
of its YSLptjT raised to several atmo6pheie& On high mountains 
water boils at such low T. in open vessels that the degree of heat is 
not sufficient to soften animal fibre and extract the nutriment. Eggs 
are said not to cook by boiling on top of Mont Blanc. So tbc 
digester is used for preparing food, and also for the extraction of 
gelatin from softened bones. 

Explain the latent heat of vapor. 

As the T. of a liquid remains constant during boiling whatever 
be the source of heat, it follows that a considerable quantity of heat 
must be absorbed, the only effect of which is to change the liquid 
into a gas. Conversely, when the saturated vapor passes back to 
the liquid state, this latent heat is given up and becomes gensible 
heat. Such heat is called the latent heat of evaporation, analogous 
to that of fusion. There is an enormous amount of it in vapor 
which does not show itself by a thermometer. It does great inter- 
nal work in overcoming the cohesion among the liquid molecules, 
and in causing them to separate and repel each other, as they do in 
a gas. The latent heat of steam — properly speaking", of water at 
IOC C— is 586° C. or 964.8° F. Every substance has its own 
peculiar latent heat. For alcohol vapor it is 208°, for ether it is 
90° C. This means that as much heat would be required to convert 
1 lb. of water at 100° to a vapor at 100° as would raise 1 lb. of water 
through 536°, or 536 lb. through 1°. 

Steam-heating is made possible by using this latent heat; the 
steam, condensing, gives up its 536° previously received. 

Wjitt, who investigated this subject, thought that latent heat was 
a constant quantity — i. e. the lower the T. the greater the latent 
heat, and vice versd. 

Regnault found that the total quantity of heat necessary for the 
evaporation of water wcreases with the T., and is not constant, as 
Watt had supiw^sed. He represented it by this formula: 

Q = 606.5 + 0.305 ^ 

where Q is the total quantity of heat at the temperature of the 
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wat«r daiing evaporation, and tbc numbers are constant quantities. 
Tlie quantity of heat, therefore, necesaaiy to evaporate water at 
IDIV H tH)6,5 + (.3ft5XI00)=^606.5 + 30.5 = 637°. At 100° it 
would be 006.6 -f (.305 X 150) =(152.25°. 
As the boihng-point rises the latent heat increases. 

Show how cold is produced by eTaporation. 

Wliat4?vcT bo the T. at whifh a va|)or is produced, an abfiorpljon 
of heat always take« plate. If this huat cannot eouie from without, 
it comeB fi'om the liijuiJ itecif, and its cooling is greater in propor- 
tion as the evaporation ia mure rapid. 

Water may be frozen thus : Under the receiver of an air-pump 
place a vessel of strong H^D^, and over it a tbin gloss capsule con- 
taining water. By exhausting the receiver the water begins to boil, 
and the vapor is absorbed by the acid as fuet as it is formed. Rapid 
evaporation being effected, the water quickly freezes by parting with 
heat sufficient lo produce its vapor. 

Explain the cryophonu. 

Wnliaalon's cryophorua consists of a bent glass tube with a bulb 
at either end. A small quantity of water is introduced and boiled 
to eipel the air. It is then hermetically Healed, and contains only 
water and vapor of wa(«r. The water is in bulb A (Fig. iiS), and 
the other bulb is immersed in a ireezing mixture. 
The vapors are thus condensed, and the water ^'"' ^' 

in A yields more. But this rapid production of 
vapor requires heat, which is abstracted from 
the water in A until its T. is so reduced that it 
freeMS. 

Again, if water in a teat-tube be placed in 
vessel of ether and the evaporation of the ether 
bo hastened by a bellows, the water in the tube i 
can be frozen. Hg can be frozen by evaporating 
liquid SO, around it 

Some of the means for producing local anresthesia depend on the 
cold produced by the evaporation of volatile substances, as rhigolene 
spray or a mixture of thloroform, menthol, and ellier. 

The cooling effect produced by u wind does uot MWft ^xwa 'iii.a. 




I 
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wind being cooler — it may even be wannei^-but it is due l« tJ 
rapid evuporaiiaii od the suriace of the skin. 

Wuter iH tooled iu hot countries by placing it in porous efuthei 
vessels, called alairrnai*. The water percolates through the eidfl 
«u that there iH a conttuual evaporation on the outside, cooling tl 
cuiitainud water. 
What la the principle of ioe-maohineB T 

It'6-makiiig nnil told-jiniilucing tnachines depend upon the prioc 
jile of taking away the latent heat of water; which heat is all thi 
prevents it from being a solid and only keeps its moleuules E 
motion. 
What is HarriRon'B method T 

Harrison usoh the rapid evaporation of ether prwJuced by a steal 
air-jiunip. In the ether is imuierHed the vessel of water to be froMB 
The t'ltporized ether can be curidetiHed and used again. 
Sesoribe Carr^'B ioe-macMne 1 

Thin ap]iaruliis dejiends iipeti the distiUatioD of ammonia, i 
boiler C is connuet^d with the Ircezer A by a stout tube (Fig. 40) 
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operations: rirst, the boiler, containing a strong solution of ammo- 
nia, is placed on a. furnace F and heated to about 130° C, and the 
freezer is placed in cold water, The amtuoniaual gas is diaengugHd 
from F, and by virtue of ita owu pressure is liijuetied in the annular 
space of A. This distillation lasts iiir about an Iiour and a quarter. 
Nest, the boiler is put in cold water, and the freezer outside (Fig. 
41), which contains the vessel G, about three- fourths full of tlio 
water to be frozen. As the boiler cools its internal pressure is less- 
ened, and the liquid auimonia in A becomes gaseous and passes to 
C. In becoming vaporized it requires a great deal of heat, and takes 
it Irom G-, and in about an hour and a quarter a block of ice can be 
removed. 

A large apparatus of this kind can produce 800 lb. of ice per hour, 
at the cost of less than } cent per lb. 

C'arr^ has also constructed another ice-machine, where the water 
to be frozen and H.jSO, are placed under Che receiver of an air- 
pump. The rate of the iroezing depends upon the strength of the 
acid. Water in the carafes of hotel dining-rooms may be thus 
frozen, many water-bottles at a time being placed under the receiver 
ol' a steam air-pump. Liirge freezing- machines cost $100,000 or 
more. 

Ciild- producing machines are used in breweries, for beer is fer- 
mented ut a low T. The storehouse for lieer is a large cool cellar 
called the la(/er. 

Machines for cooling large spaces depend upon the fact that ex- 
pansion of gases produces cold. Compressed air allowed to expand 
may fall in snowflakcs. Such device is used in the meat-rooms of 



How may vapors be lic^nefied 1 

Tiie liquefaction or condensation of vapors is their passage from 
an aeriform to a li(|uid state, and may be accomplished by three 
means : 

,,' pi^u^ [ for saturated vapors only; 

ical affinity, saturated or unsaturated. 
^en vapors arc condensed their latent beat becomes free and 
affectA the thermometer. 
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What ia distillationT 

Dir4il]alion ti ua ufietation bj' which a vdatite liquid may be sepa- 
rated frum a iolatkin, ur bj* vhjch two liquids uf differeut vulatilities 
niHy be separated. It depends upon the Taporixatiun of Uc|uids by 
heal. hihI upon the condensatioo of thoee rapois by cooling', and is 
p<«aible from the fact that the boiling-pointa of different substances 
differ 

Describe a atill. 

A still is the apparatus used for distillation, and it coneiKts essen- 
tially of (1) a copper fcx/j/ A (Fig. 42) containing the liquid and fit 
ting upun a furnace. {'^) The hend B connects with (3) the toonn 
8. This IB a long spiral tube plucvd in a bath of running water. It 




offers a, largo extent of cold surface, and c-onileuaes the vapor. Tlic 
Hurrounding hath of wnler becomca healed imd runs out at the top, 
and cold water runa in fruni the bottom. 

If a voliitile li(|uid like alcohol ia to be separated from water, the 
mixture is heated to tlie boiling-point of uleoliol, and not to that of 
water, which is for the most part left behind. When ships lose 
their fresh water, they can distil that of the briny deep. The salt 
9 behind in the body of the still. 
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What is Liebig's condenser? 

This is a still used for laboratories, and consists of a glass retort 
and a condensing part. The latter is a straight tube surrounded by 
running water. 

Define sublimation. 

Distillation applies to liquids, sublimation to solids ; it is a distilla- 
tion whose product is a solid. If this product is compact, it is called 
a mhUmate; if slightly cohering, it is called Jlowers^ as flowers of 
sulphur. 

Corrosive sublimate gets its name from the fact that mercuric sul- 
phate and common salt are sublimed — i. e. are raised by heat to a 
state of vapor — and the result of the condensation is mercuric chlo- 
ride (corrosive sublimate) and sodium sulphate. Thus : 

HgSO* + 2NaCl = HgCl, + Na,SO,. 

Calomel, the mild chloride, is also a product of sublimation from 
raercurous sulphate. 

Fractional distillation is the collection of separate distilled por- 
tions between certain temperatures. 

How may gases be liquefied? 

A saturated vapor, the T. of which is constant, is liquefied by in- 
creasing the pressure, or, pressure being constant, it is liquefied by 
lowering the T. 

Unsaturated vapors may be brought to the state of saturation, and 
then liquefied by either diminishing the T. or increasing the pressure. 
As gases are mostly far removed from the point of saturation, both 
cold and pressure are required for their liquefaction. Unless you 
cool a gas down to a certain T., you cannot liquefy it by any amount 
of pressure. O2 was liquefied at — 130° C. and at 475 atmospheres. 

Every gas has its critical T. and its critical pressure, and it cannot 
be liquefied if it is above its critical T. 

How did Faraday liquefy gases? 

Faraday's method was to enclose in one arm of a bent glass tube 
substances whose chemical action would disengage the gas to be liq- 
uefied. In proportion as the gas is evolved, its pressure increases, 
and it ultimately liquefies and collects in the shorter arm^ mot^ ^\f^ 
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cially if this arm be placed in a freezing mixture. Sulphurous acid 
gas can be thus liquefied by placing copper and sulphuric acid in the 
long arm: 

Cu + 2H,S0, = CuSO, + SO, + 2H,0. 

Sulphuric acid and carbonate of sodium in the long arm produce 
CO2, which is liquefied in the short arm. 

Liquid CO2 and NjO (laughing gas) fall in flakes Uke snow when 
escaping from a tube, and together will produce a cold of — 166° C. 
by evaporation. 

Krupp made use of the evaporation of liquid CO, to reduce the 
temperature of old cannon, and thus enable him to get the " re- 
enforce" off the gun. The cold produced by the evaporation of 
washed ether is used in the freezing microtome of the pathologists. 

What are Dalton's laws of the miztnre of gases and yapors? 

1. The pressure and the quantity of vapor which saturates a ffiven 
space are the same^ whether this space contains a gas oris a vacuum, 

2. The tension of the mixture is the sum of the tensions of each. 

Disciiss the spheroidal state. 

The phenomena of liquids thrown upon incandescent metals were 
observed by Lcidenfrost a century ago. When a drop of water is 
thrown upon red-hot platinum, it does not spread itself nor moisten 
the dish, but assumes the form of a flattened globule. It has passed 
into the spheroidal state. 

The globule rests upon a cushion of its own vapor produced by the 
heat radiating to its under side. If the platinum cools, not enough 
vapor is formed to buoy up the globule, and it now touches the metal 
and is rapidly dissipated. All volatile liquids can assume this condi- 
tion. For water the dish must have a T. of 200° C. 

The T. of liquids in this state is always below their boiling-points. 
Take, therefore, some liquid SO2, whose boiling-point is —10° C, 
and place it in a red-hot platinum dish. It assumes the spheroidal 
state, with a T. perhaps of —1 1° C. If the same quantity of water 
is added, the SO.^ is vaporized, getting its heat from the water, which 
is consequently solidified. By a little dexterity a lump of ice may be 
thrown out of a red-hot crucible. 

Experiments on this state explain the fact that the hand may be 
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dipped into molten lead or iron without injury. The natural moiBt- 
ure of the hand acts as a cushion of vapor, preventing contact of 
metal and bIcid. The tales of ordeals by fire in the Middle Ages, of 
men who could run barefooted over red-hot iron and not be burned, 
are possibly true, and here find an explanation. 

Wliat is the density of vapors i 

The density or specific gravity of vapora is the relation between 
the weight of a given volume of this vapor and that of the same 
volume of air or of H ga^ temperature and pressure of course being 
the same. The density depends upon the chemical composition, and 
is i the weight of the molecule on the U unit, or i^.j^ of the mo- 
lecular weight on the air unit. 

So we can alwaj-s find the sp. gr. of a gaa if we know iui formula 
and atomic weights. (See pp. 48, 4'J. ) 
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CHAPTER X. 
HYGROMETET. 



it is Iiyifroinetry? 

It is the science of moisture, and its proTiDoe is to determine the 
quantity of aqueous vapor contained in a given volume of air or to 
ubtjtiii the pereentiiire ipI' Hiiluration. 

The hyRTometer is an inBlriimcut used for this determination. 
What is the hygrometrie stated 

The hygrometric stjite, or degree of satamtinn, is the ratio of the 
quantity or elastic force of ai[ueouB vaixir actually prcu^ut in the 
atmosphere to that which it wonld contain if it were saturated. In 
genend, the air is never saturated. 

The al/snltite mnisiure is the weight of Water actually present in 
the form of vapor in the unit of volume. 

So we may judge the amount of moisture present in two ways; 
( I ) by getting the actual amount ; (2) by getting the ratio in per- 
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Wlut if the bygroceope t 

'1'Im byi^niittiijMt u an iui^ininieDt nm^y abawing wbttha air b 
luvixt ur ilO' 'I'll'-' <:)il"n<)e uf culttlt doee this : when diy it ia [ank. 
tuniiuii ruJ when uo'iM. Frum the aitnle w efalande of this metal 
Hk tuy lalli.>t-iLuic<;r U uutde, changing culor kooording to cbange of 
W4S(.tlivr. 

KiliKN uf variuuH kinda are liygroBOupic, ekmgmtiiig when mout 
Mwl Klu^rt cuing when dry. Wuol, hkir, and paper bftve afioity fa' 
uiuiHturc. 
Wlut b th« daw-point t 

Tlic <lcw-|fi>iiit iH tlmt T. at wbich air is 8atnnt«d, or it is the T. 
at whii^h nuiiHtiiTu iH 6n)t dcjHiHitcd from the anrronnding air. Fi9 
a |iib;hi:r with ii^-wutcr, uiwi the Uyer of air in contact with the 
|fiti;lit;r iuhiIh until u jiiiitit Ik rcat^hcd at which tbe Tapw present in 
■ir IH j<iHt un<iii|ili ^ Huturati; it. Tbe least diminnlion of T. canaes 
the nmiHturc Id lie [jruci piloted on the pitcher in the funn of dew. 
Wenuy the pitcher "nwcatii," but the drops are condensed from tbe 
va|>ur in the air. 




Deiorlbe tbs different varietiei of hy^ometera. 

(1) riifiniciil ; 

(2) CLndcnMiiifr, "» Diiuidl's dew-point hygrometer; 
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(3) Psychrometera, aa wet- and diy-bulb hygrometer; 

(4) Absorption hygrometers. 

(1) The method of the chemical hi/gronieleri consista in passing a 
known volume of air over a substanee wliieh readily absorbs moiat- 
urc — p. g. chloride of oaicium. The suhstanee having been weighed 
before the passage of air, and then aflerward, the inerease in neigiit 
represents the amount of aqueous vapor present. Two brass aspira- 
tors A and B (Fig. 43) act alternately. The lower one is always in 
connection with the air, while the upper one is connected with the 
two tubes M and N filled with CaClp N absorbs the vapora to be 
weighed, and M stops any which might come from the reservoirs. 
The lower reservoir being full of water, and the upper one of air, 
the apparatus is inverted. A partial vacuum forming in A, air 
enters by N M. When all the water is run inte B, it is again 
inverted, and another measure of air is drawn through. We can 
thus find the amount of vapor in a definite volume. 

(2) Coiideiitiiighygronieter»aKdeu:-pouU hygrometers. Daniell's 
and It«gnault's belong here. 

Daniell's hygrometer consists of two glass bnlba at the ends of a tube 
bent twice. The bulb A (Fig. 44) is filled 
two-thirds full of ether, while B and the 
tul)e are full of the vapor of ether. A 
thermometer dips into A. Bulb B is cov- 
erei! with muslin, and ether is dropped 
upon it, which by evaporation cools this 
bulb. The internal tension is thus dimin- 
ished, and the ether in A vaporizes, which 
cools this bulb. The layer of air in con- 
tact has its T. so lowered that it becomes 
saturated and deposits a ring of dew. The 
T. of this point ia noted by the thermome- , 
ter insida The addition of ether to B is S 
slopped, and as the T. of A rises the dew 
disappears. This point is also noted, and h 
the mean of the two is the dew-point. 



Fid. U. 




The T. of the a 

meter on the stem. 



s taken by tlie ther- 
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Ss the It;rr3MMrii^ ftau b iV laoo of tlw pccMare of the y%p(x 
■cnullj (<re:^eQ[ lu ib/i pteaoie thai air eonld hafc at ntiinlion, we 
find thes« prvsmei tiixn taUea. Sappoae the T. of air at satim^ 
ti>jo — rix. iie» -point— was 5' : tbeean«spi«diiiEieinooiB6.534mra. 
Soppiwe the T. ijf lir was I5~. its tensida would be 12.699. Kvide 
the Cjrmer by the Utter, ami we haTe 0.&I4 fix- the faj^giDiiietiie 
state, or. u penxntage exprosu it better, 51.40J(, orer luJf 
saiocated. 

A proportion zives (he same 

12.699 :6.5M::100!( : j; (51.«)]t). 

Satnrateil urat T'f P. coouiie )}4 bj- weifht of HKHrtora In 
mmmer (he dew-pcHot u raielf tDOt« ihaa 33° F. bdow the atmo- 

RfffHan/t'i hygrometer )$ od the sune prinriple as Danidl'B, and 
18 freer fioiii sources of error. The leadings are made by ft tde- 
Bcope. M that the ob^r^er'a bodr-T. nuf not modify the reaiAt. 
(3) The pa/rhromtter. or wet-bolb hrgrometer, depends apon the 
principle that a moist bodj erapmates in air more rap- 
Flo. 45. idly in proportion as the air is drier. In consequence 
of such evaporation, the T. of the body sinks. 
Two thermometere are placed on a wooden stand 
(Fi)r. 45). One bnlb is covered with mnslin, and 
kept continuall.v moist by a string leading from a res- 
enoir of water. As (he other bnlb is diy, we may 
call this the tret- and drtt^mJI) hygrometer. Unless 
the MT is satnrated, the ibermometer with the wet 
bulb always indicates a lower T. than the otlier, and 
the difference between the indications of the two ther* 
mometcrs is greater in proportion as the air can take 
up more moisture. A formula is devised and tables 
arc furnished for getting the degree of percentage 
saturation. 
^^ (4) AJmoi-pli/m hjigrometfT* are based on the princi- 

^C^fc pie that orfranic sobfitanees elongate when moist and 
contract as they become dry. The hair hygmmeter is 
the nirwt common form, and is only a hygroscope. A hair is turned 
around a pulley, and sapporta a small weight ; its upper end is 
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fastened by a clamp. On the pulley there is a needle moving over a 
graduated scale. Various mantelpiece ornaments belong to this 
class. Their indications are always behindhand, and not exact. 

How does moisture affect the death-rate, etc. ? 

Air is dry or moist according as it is more or less distant from its 
point of saturation. Our judgment is independent of the absolute 
quantity present. 

Summer air containing 13 gm. of aqueous vapor to the cubic 
metre is very dry, as it could contain 22 gm. If winter air of 
the same volume contained 6 gm. , it would be very moist, for it is 
nearly saturated. 

When a room is warmed the quantity of moisture is not dunin- 
ished, but the humidity of the air is lessened, because its point of 
saturation is raised. The discomfort to us depends more upon the 
degree of saturation than upon the T. 

Air at 100° F. and partly saturated is better borne than air at 70® 
F. and fully saturated, in which latter case evaporation of perspira- 
tion is hindered. . 

The high death-rate among children in large cities, especially in 
July and August, is due to the combination of high T. and a high 
degree of saturation. This causes gastro-intestinal disorders and 
cholera infantum, and milk, their chief food, readily undergoes fer- 
mentation. 

If a country has a low T. and high humidity, there is an increase 
of pulmonary diseases. 



CHAPTER XI. 
TRANSMISSION OF HEAT. 



How may heat be transmitted ? 
By- 

1. Conduction; 

2. Convection; 

3. Radiation. 
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Conduction, as from one end of a rod to the other; oonvecdon, l^ 
currents in liquids or gases — the molecules travel ; radklmi, as the 
sun radiates or emits both heat and Ught 

Discuss the oondnctiyity of solids. 

Good conductors are those which readily transmit heat. Bad 
comluctors transmit it, but not readily. The conducting powers of 
metals are all different. This may be -seen by fastening glass balls 
or marbles with wax to the ends of iron, copper, wood, and glass 
rods. These rods are made to receive each the same amount of heat, 
and the balls drop off in the order of the conductivity of the sub- 
stances. Silver is the best conductor, and if it be represented by 
100, other metals follow, thus: 

AglOO. 
Cu 73.6. 
Au 53.2. 
Sn 14.5. 
Bi 1.8. 

Non-metallic substances are poor conductors. Wood conducts 
better in the direction of the fibre than transversely. 

What can be said of the conductivity of liquids? 

This is very small, as may be seen in boiling the top layers of 
water in a test-tube, while ice at the bottom is unmelted. 

Water is a better conductor than glycerin, and alcohol is J as 

good as water. Hg is the best of all. Calling the resistance of 

transmission in — 

Water 1, 

Glycerin is 3, 

Alcohol is 9, 

Chloroform is 10. 

Do gases have conductivity ? 

This is a disputed point. Their conductivity is certainly smaJl. 
Hydrogen, however, offers an exception, and this is in keeping with 
the idea that II is a metal in a gaseous state. 

Heat is propagated in gases by convection. 

Ag is the best conductor among solids. 
Hg is the best conductor among liquida 
H is the best conductor among gases. 
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What are some of the applications of non-conductivity? 

Felt is not the non-conductor, but the imprisoned layer of air ; so 
if we wish to keep a body either cold or warm, we surround it with 
a cap of felt or pack it with stmw or shavings. Cold- and hot- water 
pipes are thus wrapped. The molten slag of a blast-furnace can be 
utilized by passing steam through it, making mineral wool or 
*'Pele's hair." Double windows keep a room warm by the inter- 
posed layer of non-conducting air. The clothes we wear are not 
warm of themselves ; they only hinder the body from losing heat 
by the layer of air confined between them or in their meshes. Two 
shirts are warmer than one of double thickness. Linen is coolest 
because compact ; eider-down warmest of all. Lava has been known 
to flow over a layer of ashes beneath which a bed of ice was not 
melted. A red-hot iron can be held in the hand if asbestos be inter- 
posed. When we touch iron or marble, they seem colder than they 
really are, for they readily conduct heat from us. Wooden floors 
are warmer than stone ones. 

What is convection? 

When a column of liquid or gas is heated at the bottom, ascend- 
ing and descending currents are produced. The heat is thus dis- 
tributed, and not much by conductivity. The lower heated layers 
expand, and, being less dense, rise in the centre of the mass, and 
are replaced by cooler layers fallfng down the sides. These currents 
may be made visible by putting bran in the water. 

Eadiation of Heat. 

What is radiant heat ? 

It is that which can be transmitted to a body from the source 
without altering the T. of the intervening medium. 

If we stand near a fire, the sensation of warmth is not due to the 
T. of the air ; for if a screen be interposed, the sensation disappears. 
Hence, bodies can send out rays which penetrate the air without 
heating it, as rays of light penetrate transparent bodies. The sun's 
heat reaches us in this way. Heat tmvels by luminiferous ether, 
and the laws of heat and light are the same. 

We can see the direction of light-raj^s, but with heat the direc- 
tion has to be determined by delicate apparatus. 
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How iB radiant heat det«oted and meaforedT 

Delicate tlienuonietcTH luay be used, or, since electrical apparatos 
is so perfect, we may transform beat into electeioity, and m meas- 
ure it more minutely. 

It ie fouml that if a bar of biemuth and a bar of antimony be 
soldered together at one end, and the free ends be joined by a wire, 
a current of electricity will go through the wire when the stJder it 



Fio.«. 
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C is heated {V>g. 4li). If the solderinic is oooled, an opposite cor- 
rent R>sultti. if u imuiber of Kuth bant be soldered alternately (Vig. 
47), the intensity of the current is increased, and a smaller degree 
of heat can be a)i)in!(^iated. tSui-h arrangement is called a thermo- 
pilr {.tr ikcnnit-etectriclMinfry. {Seep, 318.) 
Melluui's thcrmo-multipliercunsistsof this thermopile attached to 

Fia. 18. 




a galvanonicter (Fig. 48) The thermopile is m the rectangnlar box 
P, its terminal hiirH euiniettin^ with the binding screws m and »■ 
The cono C concentrates the thermal rays. G is the galvanometer, 
the needle of which is deflected according to the strength of the 
current. (Seep. 262 for further deseription.) Melkini was able to 
measure a difference of T. of ^^^° C. 
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or none. If the absorption by I in. of dry air is 1 , that by 1 in, of 
ole&mt gaa is 7950, and by sulpliurous acid gas is 8800. 

Sevenl vapors are still more absorptive than these gases. Aqueous 
vapor is one of the most energetic absorbents. 

The attmclions and repulsions arising from radiation are seen by 
means of Crookes' radiometer (ace p. i;i). 

What are some of the applications of the above principles? 

Whit* bodies, pxcept white lead, reflect heat very well. White 
clothing 19 best fur summer, because it abeorbs less heat than 
blaek. 

Pohshed metals reflect well and emit little. The poli.'^hed Bre- 
irans are cold, while the black fender is hut. Locomotives are kept 
bright for ecathetic effect, and because they will thus radiate less 
heat The outer surface of stoves and hot-water apparatus should 
be dull black, as they radiate better. 

Certain bodies are used for separating heat and light in the micro- 
Bpopc and in photography. 

Boek-salt covered with lampblack or iodine transmits heat, bnt 
completely stops light. Alnm docs the reverse, and a vessel of this 
solution or of water simply may be used to avoid the heat from an 
electric light. 

The heat waves of the sun are of two kinds— long and short. 
They paas through our surrounding ocean of air, heating it but little. 
The long waves are absorbed, but what escapes falls on the earth 
and heals it. Thence it is radiated back again, but its wave-lengths 
have been lengthened, and are now readily absorbed by the aqueous 
vapor, which acts as a "blanket." If this watery vapor of the 
atmosphere were removed, the resulting chill from too rapid radi- 
ation would destroy all life. 

(ilasfl does not screen us from the sun's heat, bnt it does from 
any obscure or diffused heat, as that from a stove or terrestrial 
object. This is seen in hot^beds and green-houses. The sun's heat 
passes through the glass unohatruet«d, but the return radiations 
fntm the interior have had their wave-lengths changed and cannot 
paas out. 
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DoBoribe the reflecting, absorbing, and radiating power. 

The reflecting power of a substance is its property of throwing off 
a greater or less amount of incident heat. Polished silver and brass 
are best reflectors. Lampblack and whita lead reflect none. 

The absorbing power of a substance is its property of allowing a 
greater or less quantity of incident heat to pass into its mass. It is 
inversely as its reflecting power, yet not quite complementary. If 
lampblack absorbs 100 parts, metals absorb 13. 

Incident heat is divided into three parts : 1st, one which is ab- 
sorbed ; 2d, another which is regularly reflected ; and 3d, a part 
which is irregularly reflected, and is said to be scattered or diflfiised. 

The radiating power of a body is its capability of emitting greater 
or less quantities of heat, and is practically identical with the absorb- 
ing power. 

What is shown by the thermal analysis of sunlight t 

Eock-salt allows heat of all kinds to pass, and with a lens of rock- 
salt the sun's rays can be concentrated upon a prism of the same 
substance, and a normal spectrum be obtained. 

By using Melloni's thenno-multiplier we shall find that heat is 
(rsperscd as well as light. The multiplier is scarcely affected in the 
violet rays, but indicates a gradual rise to the red, and reaches its 
maximum outside the visible colors a half spectrum's length from 
the red. These are called extra or ultra red or Herschelian rays. 

Artists, guided by an unconscious feeling, speak of blue and green 
as cold colors and red and orange as warm tones. 

What are diathermancy and athermancy? 

The power which bodies have of transmitting heat is called di- 
afhrniuinq/, analogous to transparency in light. 

The power of stopping radiant heat is a^hermanq/y and coitc- 
sponds to opacity in light. 

Rock-salt, bisulphide of carbon, and dry air are quite diather- 
manous. Alum and sulphate of copper are quite opaque to heat. 

The thickness of these substances and the nature of the source of 
light modify their transmitting powers. 

The transmitting power of gases is different for each gas. Gases 
were formerly thought to be transparent to heat rays, absorbing Httle 
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or none, If the absorption by 1 in, of dry air is 1, that by I in. of 
olefiitnt gas is 7950, and by Bulphurous acid gas is 8800. 

Several vapors are atill more absorptive thati these gases. Aqueous 
vapor is one of ibe most euergetio absorbeuts. 

The attractions and repiilBioua aiising fnmt radiation are seen by 
moans of CrookeB' radiometer (see p, 21 ), 

What are Bome of the applioations of the above principles^ 

Wbite bodies, except white lead, reflect heat very well. White 
clothing is best for summer, beoause it absorbs less heat than 
black. 

Polished metals reflect well and emit IJIllc. The poIi,'4hed fire- 
irons are cold, while the black fender ia huL Locomotives are kept 
bright for sesthctic effect, and because they will thus radiate less 
heat The outer surface of stoves and hot-water apparatus should 
be dull black, as they radiate better. 

Certain bodies are used for separating heat and light in the micro- 
scope and in photography. 

Bock-salt covered with lampblack or iodine transmits beat, but 
completely stops light. Alum does the reverse, and a vessel of this 
solution or of water simply may be used to avoid the heat Ironi an 
electric light. 

The heat waves of the sun are of two kinds — long and short 
They pass through our surrounding ocean of air, heating it but littla 
The long waves are absorbed, but what escapes falls on the earth 
and heals it. Thence it is radiated hack again, but its wave-lengths 
have been lengthened, and are now readily absorbed by the aqueous 
vapor, which act« as a "blanket." If this watery vapor of the 
atmosphere were removed, the resulting chill from too rapid radi- 
ation would destroy all life. 

Glass does not screen us from the sun's heat, but it does from 
any obscure or diffused beat, as that from a stove or terrestrial 
object This is seen in hot^beda and green-houses. The sun's heat 
passes through the glass unobstructed, but the return radiations 
from the interior have had theh wave-lengths changed and cannot 
puss out. 
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CHAFTEB Xn. 

CALOBIMETBT. 
What if tbe olrjeet of cmloiimetryt 

ItN objer.! b to measure the quantity of heat which a body fiarts 
with or ii\M¥}r\Mi when its T. falls or risesu These qoaotities of heat 
an; U^ expressed by their power to raise the T. of a known quan- 
tity of water. 

What is the thennal unit! 

'inhere are, unfortunately, three. In France it is the quantity of 
heal n<;<M!HHary to raise the T. of 1 kilo of water through 1® C. This 
amount is called a ailorie. In England and America the thermal 
unit is the heat necessary to raise 1 lb. av. of water, through 1® F. 
(ilunot combines these, and takes as a unit the amount necessary to 
rais<} 1 lb. av. of water through 1® C. 2.2 Ganot's units equal 
1 calorie. 

Define specific heat. 

Th(^ H|)(H;ifi(; IhmU of a body is the ratio of its capacity for heat to 
thai of an c<iual weight of water. It is also the heat required for 
raising llu^ T. of a substance a given number of degrees. 

S|)(MMfi(^ beat raises T. Latent heat changes state. When equal 
weights ol' two <lifferent substances at the same T. are plsiced in 
siinihu* vessels, and are subjected for the same length of time to the 
same degret^ of heat, their resulting T. will be unequal. Hg will 
be holler than water. Hotli have received the same amount of 
heat ; so it seems that the heat which raises the T. of Hg through 
a certain number of degnvs will raise the T. of water through a less 
nunduM* td' degrees. In other words, it requires more heat to raise 
the T. of water ihix)ugh V than it does to raise the T. of Hg to the 
stone extent. 

If iH^ual weights of W^. alcohol, and water receive the same 
amount k^{ heat, the Hg will rise to 29°, the alcohol to 2**, while the 
water is rising l'^. 
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Since heat affects the T. of water les» than that of Hgor alcohol, 
mater ia said to have a greater capacity for h*al— takes up more 
'without showing it 

Conversely, if the same quantity of water ami Hg at 100° should 
be cooled down to the same point, the water will require a longer 
time, and will give out more heat tliaa the Hg. 

If a pound of water at 100° he mixed with a pound of Hg at 40°, 
the T. of the mixture will he about 98°. That ia, while the water 
has cooled through 2°, the T. of Hg has been rMsed 5S°. 

2 : 58 = 1 : 29. Water hna 29 times the ca()aeity for heat that Hg 
has. and U again taken as a staudard. When we say the specifia 
heat of lead ia U.U3I4, it means that ihe quunlity of heat which 
would raise the T. of a given weight of lead through 1° C. would 
raise the T. of the Siune weight of water ihiough only 0.0314° C. 

What is the cause of the differencea in apeoifio heat? 

Of the whole heat applied to a liquid or aolid, only a part goes to 
increase its T. The remainder performs mteriial and external work 
— i. e. overcomes cohesion and forces the molecules to take new posi- 
tions, and expands against outside resistance. If we could exolude 
these two factors, we should have left the true heat of temperature 
or the true iqitcf/ic heat. 

The greater the portion of heat consumed in interior work, the 
le&^ there ia left to raise its T., and consequently the greater is its 
capacity for heat 

In the cose of water and Hg more internal work ia done on the 
water, so its T. Ja not raised as high iiH that of Hg. 

What are the methodi for deteiminiiig specific heats? 
1. Method of melting ice ; 
;. Method of mixtnrea ; 
>. Method of cooling. 

^^^ e nuiling'-ice method ia baaed on the fact that it requires 80 
tbennal units to melt I lb. of ice (exactly 79.25). The substance to 
he tested is heated to a known T. and placed in a cavity in a block 
of ice and covered with ice. After soroe time the body cools to the 
ice T.— via. f>°. Now find the nnniher of thermal units absorbed 
by the ice (!*0 times the number of lb, melted), awA AwAa ■Oroa 
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number by the number of degrees of heat lost by the oooling body. 

80 P 
Sp. heat= — -. P is the number of lb. of melted ioe, m is the 

weight of the body, and t its temperature. We will find that 7 lb. 
of iron at 100° 0. will only melt 1 lb. of ice. The heat given out 
by the iron was 700°, not 700 thermal units ; only water would give 
that, each unit corresponding to a degree. The heat given out and 
the heat absorbed are equal. 

If 700 heat degrees of iron equal 80 units of the standard, 1 iron 
unit equals 0. 11 of a water unit — t. e. the heat which raises iron I*^ 
raises water 0.11°. 

Q I ^ «. 80X1 80 ^,, 

Sp.heatofiron = ^^^3^ = -=0.11. 

Method by Mixtures,^ A known weight of the substance is heated 
to a certain T., and then immersed in water whose quantity and T. 
are known. From the T. of the water after mixing the specific heat 
is determined. A lb. of water at 100° and a lb. of olive oil at 40° 
give a mixture at 80°. 

The water has lost 20° while the oil has gained 40°. The same 
quantity of heat that raises water through 20° will raise olive oil 
through 40°; hence to raise the oil 1° requires fj, or 0.5 as much 
heat as to raise water 1°. The specific heat of olive oil is 0.5. 

The cooling method is based on the fact that bodies of different 
specific heats will o(tcupy different lengths of time in cooling through 
the same number of de/rrees. Those that have the greatest sp. heat 
will take lonc^est to cool. 

The times, therefore, which equal weights of different bodies re- 
quire for cooling through the same range of T. are directly as their 
specific heats. 

What is the specific heat of certain bodies? 

Sp. heat of olive oil is 0.5. 



alcohol 

etlier 

iron 

silver 

hydrogen 



.615. 
.156. 
.11. 
.051. 
3.409. 
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Ail except H have less spcolfie heat than water, and are expressed 
in fractions. Specific heat is found to increase with T., and is 
greater as bodies near their fusing- point. 

The specific heat of a substance in a liquid state is greater than 
that in a solid or gaseous slale— e. ff, sp. heat of ice is ,504, of water 
1, and of steam .4805. The reason is that more internal work has 
to be done in liquids: the external work is also greater here. Sp. 
heat is also modified by the allotropia condition. Of charcoal it is 
0.241, graphite 0.202, and diamood 0.I4T. 

What is Dnlong and Petit's law ? 

It waa discovered that the product of the specific heat of any 
solid element into its atomic weight is appniximal^ly a eoDSlant 
number. A regular inverse ratio exists between the two. Sub- 
stances with low atomic weight have high specific heat, and vice 
vr.riA. The law may be thus stated : The iome qimntity nf hmt it 
nteded to heat an utmii. of nil m'mple mihstanoa to the game exttiU. 
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Sp. heat. At. wt. At. heat. 

Al 0.2143X27.4 = 5.87 
P 0.1T4OX3I. =5.39 
8 0.178 X32. =^5.70 
ZnO.095 X65.2 = 6.23 



The figDres in this lost column should all be the same, and are called 
the atomic heat, hut they may vary bettreen 5.39 and 6.S7. That 
depends, probably, on the impurity of the elements and on errora 
in determining their sp. heals and atomic welghlfl. The atomic 
heat when divided by the sp. heat gives the at. wt. of a body, and 
this is one of the moans of finding at. wt. 

The above kw explains why Hg has small sp. heat, and H large 
sp. boat. Hg has large atoms and large at. wt., while H has small 
atoms and small at. wt. The same amount of heat for every atom, 
but these atoms in an ounce or grain vary in number ; H would have 
the more. {It is molecules, and not atoms, which have the same 
she. — Avogadro, ) 

Water is the great regulator of temperature and climate, having 
high sp. heat. Tt is a reservoir of heal, absorbing it in summer and 
giving it out in winter. A lb. ol' water in cooling from UW° \» y "i. 
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givi'8 out as much heat as a lb. of red-hot iron would in cooling from 
90(f to 0^ C. 

Tlie specific heat of a gas may be referred to either that of water 
or of air. 

PROBLElfS. 

When stud}nng the latent heat of fusion and yaporizadon, we 
leameil that water at 0** = ice at 0**-f latent heat of fluidity, and 
steam at UK)° = water at 100° + latent heat of vaporization. 

( 1 ) In mixing 1 lb. of water at 0° and 1 lb. of glycerin at 56.3®, 
the T. of the mixture will be 20**. What is the sp. heat of glycerin? 
Si>!. The water gained 20** and the glycerin lost 36.3**. The same 
quantity of heat that raises water 20** will raise glycerin 36.3** ; hence 
to raise glyivrin 1° retjuires yl?y = .5509, as much heat as to raise 
water !**. Sp. heat of ^l>'cerin = .55. Ans. 

(2) The latent heat of water is 79** C. What T. would 3 lb. of 
water at *H)° (\ have after the addition of 1 lb. of ice at 0**? Sol. 
The ;5 lb. ('ontain (:i X IH)) 270 thermal units. The 1 lb. of ice in 
lKH*i)nnnir I U). of water takes away 79 units, leaving 191. So now 
we are to mix 3 lb. water containing 191 units, 

with 1 lb. " '' _0 *' 

4 lb. " '' 191 unita 

The mixture therefore has a T. of (191 ^4) 47. 75** C. 

(3) What would \)c the T. of 10 lb. water at 0** C. after receiving 
1 lb. of St cam at 1 (K)° C. ? The latent heat of steam is 536** C. Sd. 
1 lb. of steam at 100° gives up 5:^6 units in becoming 1 lb. water at 
UK)°, and that water would also contain 100 units of sensible heat 
So we mix 1 lb. water, yielding 636 units (536 + 100), 

with 10 lb. '' " _ " 

11 lb. " " 636 units. 

The mixture therefore has a T. of (636 -^ 11) 57.81** C. 

(4) How much heat is required (thermal units) to raise ice from 
0° F. to stoam at 300° F. ? Sol Ice or steam in rising a certain 
number of degrees would not absorb a thermal unit for a degree, as 
water w^ould, for their specific heats are less than unity. So we 
must know the sp. heats of ice, water, and steam, and the latent 
heats for water and steam. 
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8p. heat of iee is 0.504. 



Latent heat of water is !42.2° F. (79° 0.). 
steam is 904.8° F. (536" C). 
Ice in passing from U° F. to its melting-point would not absorb 32 
unilH, but 32X.504 = 16. 12H units. Water in passing from 32° to 
212'' vould absorb 180X1 = 180 units. Steam in pussing &om 
212'= to Zm" F. would absorb (300—312) 88 X .4805 = 42.284 units. 

To raise ice from O'-to 32° requires 16. 128 units. 

Ti. melt ice at 32'' " 143.2 

To raise water from 32° to 212° refjuires 180. 

To convert water at 212' into steam at 212° requires . 964.8 " 

To raise steam from 212" to 3<MJ° requires 43,284 " 

Sum-total 1345.412 units. 

Ans. 
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STEAM-ENOINES. SOUECES OF HEAT AND COLD.- 
MECHANICAL EQUIVALENT OF HEAT. 

Describe the essential features of steam-engineB. 

Steam-engines are machines in which the alternate expansion and 
I'onlensation of steam imparts a rectilinear motion to a piston, and 
(]|-s is changed inlo circular motion by various mechanical aminge- 
mcnlA In Fig. 50, B represents the boUo', S tbesteam-jnpe passing 
to V C> the vaioe chesl. The sluh^oalvr V is moved to and fro by 
the taxiitric rod R', and this admits steam alternately on each side 
of piiUon I*. Either M or N is always open, and as steam enters 
cjiliiiJer C by N it pushes P in the direction of the arrow, while 
steam on the other side escapes by exhaunt-ptpe. E. Finally, N is 
clo^ and M is opened, the vaWe and piston moving in opposite 
directions. 

This variety is known as the double actionoi: Wa,U.'6«ftKHi-(ai©-W!.. 
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I One variety of boiler ia tlie Corimh, crossed liy a aeries of vertical 

^^^ GuJloicfi}/ tubes whioii cireulale water, the hut pases jiasiing through 
^^^L one large IuIk. But in marine and lucumotive boilers small hori- 




Eontai tubes a 
rounded by water. 

In the tiiiffle-aeliftr/ or Cornish engine the cylinder is vertical, and 
§team acts only on one face iif tLe pisttJn, a counterpoise pnlliog it 
back. Tliese are of but little use, but m;iy pump water from n 
or supply water to towns. 

Other ports of an engine are the pivxmtre-gnugf, water-gauge, 
Kafi/i/-vah<e, and in the horizontal stationary engine the governor, 
vhich controls the admission of eteam tu the cylinder and ^vea the 
engine automatic power over ila own speed. 

Locomotives are simply steam-engines mounted on a carriage, 
which propel themselves by transmitting motion to their own « 
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monty higher here than in other engines, 
n. Marine engines use 70 to 80 lb., and t 



20 



Steam-pressure is coi 
or 130 lb. to theaq. 
tionary ones atill less. 

The three great types are, then, the Cornish engine, the ordinary 
horizontal engine, and the looomotivc engine. There are also coii- 
deiuing and noii-eondentnng engines. 

Afler the st«am has done its work in the cylinder, it may be con- 
ducted through the exhauat-pipe to chamber Q (Fig. 50), where by 
means of a spray of cold water it ia suddenly condensed. If the 
exhauBt-p!pe communieates with the outside air, as in iioii-ciwdp.n»- 
iug engines, there is an atmospheric resistance of 15 lb. to each 
eq. in. of the piston's surface. So condensing engines are more 
economical, and arc usually fow pressure. Locomotives have uocou' 
denser and arc high pressure. Conipo««rfcoH(fomn^ engines receive 
the steaui at high pressure in one cylinder. Used here, it still pos- 
Besses sume tciiMon, and is transferred to a second larger cylinder 
before being sent to the condenser. The fiist cylinder is thus never 
exposed to the condenser temperature, a saving in heat. This type 
is univerBsl tor marine purposes. 

The rales of work of engines are compared by means of the 
hone-piiievr — 550 foot-pounds per second or 33,000 foot-pounds 

The horse-power used abroad, of 75 kilogrammetrcs per second, 
equals 542 foot-pounds, 2% smaller than ours. The propulsion of 
some vessels requires 5000 or 6000 horse-power. 

The steam-engine, with all its improvements, is exceedingly waste- 
ful. The best only utilizes 20^ of the heat-power. 

HoHiir and ga»-eiigiiies succeed on a small scale. In ihe latter 
the expansive force of coal gas, mixed with air and ignited by an 
electric spark, moves the piston. 






SourceB of Heat and Cold, 



± are the sonroeB of heat T 

I. Mechanical sources : 
Friction ; 
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2. Physical sources : 

Sun; 
Earth; 

Molecular actions ; 
Change of state ; 
Electricity. 

3. Chemical sources : 

Molecular combinations as combustions; 
Animal and vegetable heat. 

DiBOtLss the mechanical sources. 

Friction of two bodies produces heat, depending on the amount 
of pressure and rapidity of motion. This is seen in the axles of 
carriage- or ear-wheels, the " hot box '' being a familiar example. 
There are an ti- friction metals, as Babbitt's metal. It costs the Erie 
Railroad $1000 per day for lubricators. Two pieces of ice in a 
vacuum below zero can be partly melted by friction. The T. of 
water can be raised by shaking it. The luminosity of shooting stars 
is thought to be due to their friction against the air. Their velocity 
may be 150 miles per second. 

If a body is compressed^ so that its density is increased, its T. 
rises. When heavy weights are placed on metallic pillars, heat is 
evolved. The stretching of a metallic wire causes a diminution 
of T. Heat- production by compressed gases is seen in the pneumatic 
syringe. This is a closed, thick-walled glass tube with a tightly- 
fitting piston. A bit of cotton moistened with ether is placed at the 
bottom, and, the tube being full of air, the piston is suddenly 
plunged downward. The compressed air disengages enough heat to 
ignite the cotton — a T. of about 300^ C. The fire-syringe with 
tinder at the bottom was useful before the days of matches. The 
powder-ram for pile-driving is another application. The powder on 
top of the pile is exploded by the compressed air in front of the 
falling rammer, and this explosion reacts in two directions : one force 
sends the rammer to its former position, and the other urges on the 
pile with greater power than the weight of the rammer could do 
alone. 

Percussion is also a source of heat. A piece of iron hammered on 
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an anvil becomes bat, due to increased molecular motion, and not 
toitn-'ronseof dousity. A pound ball with a velocit}' of 1600 ft. per 
see. will produce upon the target 28.T theniia) units, enou);;h to 
melt the lead. The amount of heat depends upon tlie mumeiitum, 
veloeiiy X mass. 

Mayer lias calculated that if the motion of (he earth were sud- 
denly arrested, the T. produced woulil be sufficient to melt and 
volatiliae it to the depth of 800 miles. 

What are the physical sonices of heatf 

Siilar KmUiitimi. — It ia calculated that if the total quantity of 
heat which the earth receives irom the Hun in one year were 
employed to melt ice, it would melt a layer all around the earth of 
35 yards thickness ; and yet this quantity which the earth receives 
ia only nrn^innni of the total heat emittod by the sun. 

Simple combustion is not sufficient to account ibr the sun's heat. 
Even if the sun consisted of H, which of all substances would yield 
the moat heat, eombining with 0, the heat thus produced would last 
only about 3000 years, and touibustioii can oucur only once. 

Others say the heat is kept up by the fall of aerolites against its 
anrf'ace. This must he a very smull factor, or it would increase the 
mana of the sun, and so alter the velocity of the planets The best 
theory ia that of comleiisaiion. Heat is set free by a shrinkage of 
its mass. A contraction of only nhns would be sufficient to produce 
the present heat of the sun for 2(KII) years. 

Terreetrlal Heiit — Our globe possesses a heat peculiar to itself. 
The variations of T. on its surface penetrate to a certain depth, 
when is reached the layer of cnimfiitU lempemliin:. At Paris this 
layer ia at a depth of 30 yds., and the T. is coustant at 11.H° C. 
Below this layer the T. increases about 1° C. for every 90 feet 
According to this, at a depth of two miles we should reach a T. of 
100° C, and at 40 miles the T. would he sufficient to melt all eub- 
stanoes which exist on the earth's surface. 

There are various hypotheses to account for this internal heat 
The theory of an internal molten mass best explains the phenomena 
of earthquakes, volcanoes, hot springs, and this internal heaL The 
earth may have cooled faster than the sun, as it is emaller. Yet 
many geologists arc still in doubt. 
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Miiieadnr actions, such as mfaBorpikw, imbibitioD, or capillarity} 
pro<luoc heat. 

When a porous substance abeorbB a Uquid or a fps, beat is gene- 
rated. 1 cu. in. of fresh charcoal will absorb 90 cu. in. of aano- 
niacal gas. Perhaps some of the gas is liquefied in the pores and 
gives off its latent heat. 

S|)onjfy platinum in O and H gases gets red hot. An apparatus 
calknj DiiiMTtinerit lamp depends on this property, where a jet of H 
is ignited when blown across the Pt Gas condensed into water 
produ(*es heat. Moist membranes will rise in T. from absorption. 

Chanf/f of state produces cold or absorbs heat, and has been dis- 
cussed. 

Eltctrinty is another source. In the electric light itself the ca^ 
bon is heated to LHMX)** C. or 3000** C. 

No metal can resist the heat of an electric spark. A stroke of 
lightning on the seashore melts the sand, forming ** fulgurites." It 
is the iKXir conductor which becomes heated. 

Describe the chemical Bouroes of heat 

Heat is molecular motion, and heat and motion are always mutu- 
ally convertible. If a chemical combination takes place slowly, as 
when iron oxidizes in air, the resulting heat is imperceptible, but 
just as much in (juantity as if the combination were rapid and the 
heat intense. Cinnhmtlon is chemical combination, and Ganot says 
it is attended with evolution of light and heat. 

is most often one of the combining elements, but Sb or P wiU 

burn in CI pas. 

Combustion cannot be distinguished by the amount of heat evolved. 
We live in a combustion at 37° C, and yet it is combustion at 1000°. 

The waste products are generally CO, and H,0. 

r anthracite "| 
C in \ charcoal >■ bums to CO2. 
( coke 3 



marsh gas 
p ,, . . kerosene oil 
' ' '" bituminous coal 
^ vegetable tissue 



bums to CO, and HjO. 
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The quantity of lieat is due to the amount of matter involved, but 
the T. depends upon the nipidifi/ of the process. 

Pt can bo melted with a blowpipe aud a eandle, and yet not in a 
forge. 

1 lb. of iron burned in Oj produces 1,576 heat unita. 
1 lb, of charcoal " " 8,080 " 

1 lb. of hydrogen " " 34,462 " 

Theae figures are about in proportion to the Oj re((uired to bum 
them. It is a fised and definite mutter. Nearly all the beat of earth 
comes from the sun, and is lucked up in various HubetunueB. As we 
burn coal in the grate, we may imagine we are backing in the aun- 
light of prehistoric ages. The vegetation of those ages absorbed 
siinlipht and heat, liei'ame c'oal, and now gives back what ii re- 

What is the principle of SbT7's lamp ? 

Davy, in inventiii.e; a safety-lamp for miners, found that when two 
vessels filled with explosive gases are oinneeted by a narrow lube 
and the contents of one fired, the flame is not commuDtcated to the 
other. The flame is extinguished by cooling, provided the length, 
diameter, and conduction of the tube bear a certain proportion to 
each other. 

The safety-lamp is an ordinary oil lamp with its flame enclosed in 
a cage of wire gauze having about 400 apertures to the square inch. 
Fire-damp (GHf) mixed with air has a very high kindling- point, and 
the wire gauze may be looked upon as a series of very short square 
tubes which completely arrest the passage of flame into the explo- 
sive mixture. Although the CIl, may bum inside the cage, the 
mass oulaide is not ignited. 

Animal heat is also a result of combustion. We take in com- 
pounds rich in 0„ like starch and sugar, and ready to undergo new 
combinations and lo give off the used-up substances COi and Hi,0. 
The plants here come in and take up these two products, andrecom- 
bine them into starch, sugar, wood, etc. The plant and the animal 
tltos work in a circle. 

The plant requires heat to do this work, and gels it from the sun, 
which reappears during combust ion ~i', c. during animal digestion or 
during the burning of wood or coid. 
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Vegetable heat is hardly possible, as the process of vegetation is 
not an oxidation. Some plants at the time of blossoming do have 
an increase of T. 

Mention the different methods of heating. 
Open fire, enclosed fire, hot air, steam, and hot water. 

What are the sources of cold ? 

(1) Change of state ; 

(2) Expansion of gases ; 

(3) Radiation. 

(1) The withdrawal of latent heat produces change of state, and 
results in cold of a greater or less degree. 

(2) In the expansion of gases heat is necessary for the increase in 
volume and for the greater molecular activity, and it is obtained 
from elsewhere, producing cold. The fog in the neck of an open 
beer-bottle is due to the chill of an expanding gas. When a gas is 
compressed, heat is produced ; when it is rarefied, a lowering of T. 

follows. 

Refrigerating machines depend on the principle of first compress- 
ing the gas or air, producing heat, and next on the expansion of the 
same, producing cold. Windhausen's machine, run by a steam- 
engine, can cool in an hour 15,000 to 150,000 cu. ft. of air through 
40° or 100**. Some such machine is used in breweries, oil-refineries, 
large meat-rooms, and for the production of ice. 

(3) Radiation, especially nocturnal, produces cold in nature. Dur- 
ing the day the earth receives more beat than it can radiate, and its T. 
rises ; the reverse takes place at night. If clouds are present, they 
themselves have a certain degree of T. , which they radiate toward 
the earth, and so on a cloudy night the dew is less, as teirestrial 
objects cannot cool sufficiently to bring their neighboring layers of 
air to saturation. A clear night increases dew, or a feeble breeze, as 
it renews the air. A strong wind will diminish it. as it does not 
allow the air time to cool by contact. The blade of grass radiates 
well, and quickly cools the adjacent laj^er of air to its dew-point. 
Polished metals radiate but little, and so generally have no dew 
deposit. 
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BiscosB the mechanical ecLuivalent of heat. 

A deliuitti i[Uiiatil,y of imwliuiiiea,! ivuik fan always produce a 
dednite quantity oi' heat ; and, conversely, tbis heat, if completely 
converted, lain purform the original quantity of work. The branch 
of science which treats of this reiatioo is culled tltermo-dyuainiai. 

When a projectile strikes a target, motion is not destroyed. Mass 
motion hecomcs moleuular motion, and that is heat Count Rum- 
ford was among the first to suspeet the relation between heat and 
work. He noticed that water would boil if introduced into a can- 
non while being bored. He obtained certain figures, wbieli were 
corrected by -foulc of England in tbia manner : A cupper vesHet wue 
filled with water or Hg, and its enclosed paddle-wheel made to rotate 
by two falling weights. After eevcral deeeents of the weights, the 
number of heat units gaiued by the water from the liiction of tbe 
wheels against its molecules could be determined, and abo the 
amount of work done by the weights eicpressed in foot-pounds. He 
found that the beat which will raise I lb. of water 1° F. will lift 
772 lb. I ft. high, or a pound weight in falling 772 ft. will produce 
heat enough to raise 1 lb. of water 1° F. This figure la called tbe 
vtfckanwjl equivalent of lieat, or Joules eqtiicalent. 
According to Ganot's Si-stem, 1 tbcrmal unit = 1389.6 ft. -lb. 

'■ " French " 1 " " = 424 kilogram metreB. 

The quantity of beat which will raise I kilo of water from 0° to 1° 
C. will raiKc a 424 kilo-weigbt (exactly 42.t.r)») I metre high. 480 
tons of coal placed under an engine would have raised the Great 
Pyramid of Egypt, which took l(H).Hi)i> men twenty years to build. 
Tbis pyramid h 7IK) ft, si[uare at its base and 500 ft. high. 

What IE meant by correlation and conservation of enei^ t 
These two doctrines are the corner-stones of modem science: 

( I ) All kinds of energy are so related to each other that energy of 

any kind can be changed into energy of any other kind. This is the 

doctrine of correlation of encrffy. 

{'2) When one form of energy disappears, an esact equivalent of 

aiiolber form always takes its place, so that the sum-tolal of energy 

is unchanged. Tbis is known as the doctrine of miiBcrvitioii of 

twri/ii. 
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What may be the result of dissipation of energy ? 

Following out the idea of dissipation of energy, we may come to 
a rather startling conclusion. As far as we can understand the pres- 
ent condition of the universe, there is a tendency for all energy to 
become heat, and for all heat to become so diffused by conduction 
and radiation that all matter will have the same temperature. This 
would be the end of all physical phenomena. 




CHAPTER XIV. 



TRANSMISSION, VELOCITY. AND INTENSITT OP 
LIGHT. 

Wliat is light and its theories? 

Light is the agent which by its tLction on the retina excites in iu 
the senaation of viuuD. It is known only by its effects. That part 
of physics whieh deals with the properties of light is called opttct. 
Heat, light, and electricity were called the "imponderable fluids," 
and suc-h an idea necessitated a certain theory (cuiissiun) to explain 
their propagation. 

As for heat, there are also two theories in regard to the origin and 
traitsmiasion of light: 

1. The emission, or corpuscular theory; 

2. Tlie undulatory, or vibration iheoiy. 

According to the first view, we have to believe that there is a 
translation of particles of li>;ht, with almost infinite velocity, which 
penetrate the eye and act upon the retina. Newtun supported this 

Aocording to the undidatory tlieorj/, the luminoHty of a body is 
due to the infinitely rapid vibration of its molecules, which is com- 
municated to the medium called lumiiiiferoui ether, and thus is 
propagated in the form of waves to the retina. This theory is 
sufficient, yet a difficulty is met when we try to consider what this 
other really is. It must be thin and tenuous, intramolecular, unin- 
lluenced by gravitation, yet thick and denae — iftosa chqi^vVuV-v^v- 
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dor the motion of small comets. Encke's comet gets back a little 
too 8(K)n at oarh revolution by about .11 of a day, probably from 
havin^t; iu orbit shortened by the obstruction of this ether. The 
wavcH are made up of condensations and rarefactions, the vibrations 
taking place in a plane at right angles to the direction of the wave, 
just as, when we consider any one particle of a vibrating rope, we 
see this H|M)t move up and down or laterally, but not onward. This 
undulator>' theory resulted from the study of sound, where air is the 
meilium of propagation. 

What are luminous bodies t 

Luminous bodies are those which emit light. Illuminated bodies 
art^ thoM* which riKHiive light from luminous ones. A body rendered 
capable of omitting light by being heated is called incandegcent. 
Our onlinary lights are due to particles of incandescent carbon, and 
the flame '* smokes*' when all the carbon is not burned. 

As a sulmtancH) becomes hotter and hotter its color changes. 

A solid beginning to give light at 1000^ F. is red hot. 

2000° F. is white hot 
** 3000° F. is violet hot 

Waves of different lengths cause the. colors. 

The length of violet waves is wsirro 'w. — shortest 
The length of red waves is ^^J^ny in- — ^longest 

Heat all these colors to a certain degree, and we get white. A lower 
T. gives nxl, and a higher one violet. 

What are transparent, translucent, and opaque bodies? 

D'ansjynn'Nf, or (fiaphauous^ l)odies readily transmit light, and 
objects can be distinguished through them. 

7htnsfnn'uf bodies transmit light imperfectly. Objects cannot be 
distinguished throuirh them. 

Opaque bodies do not transmit light. None are quite opaque ; 
if cut into sufficiently thin leaves, all are translucent 

What is a luminous ray and pencil? 

A ray is a mere line or direction that light takes. It has no 
dimension except length, and is a conception of the mind. 

A pencil of light is a bundle of rays, and has three dimensions. 
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Thurc are three kinds : parallel, whea made of parallel rays ; dwcr- 
r/eiit, when the rays separate ; and convergent, whea they t«nd toward 
the same point 

Every luminous body emits divergent reetilinear rays from all 
points and in all directions. Convergent rays aro only pruduced 
artlGuiully. 

Light itself is invisible. You can only trace the path of a aun< 
beam by the tloatiug particles of dust. If the eye is pkced in its 
path, you become aware of its proaeuce, not by seeing the light, but 
by seeing the objeut which sends the light. 

How is light propagated in a homogeneous medimnT 

Any space or substuni.'e through which rays ctao pii^ is a medium. 
It may be a vacuum. A medium is said to be liomiiffrneijiis when 
its chemical coaipoBltion and deneity are the same in all its parts. 

In every horaogencoiia medium light is propiigated in a straight 
line. Every gunner recognizes this faet in taking' aim. 

When light reaches a body which it cannot penetrate, it ia rejli:clni. 
When it passes fttim one medium to another, it is bent or refracted. 

What ate shadow and pennmbral 

When light falls utmn nn uj>\u[ii6 body, it cannot penetnite into 
the space immediatdy behind it, and this space is called the shadow. 
There cannot be a prujter geometrical shadow, as light never comes 




from an exact point. There is also a bending around of the light 
behind the opaque body, known as diffntction. 

Phj'sical shadows are those which are really seen, and are never 
sharply defined. 

The penumbra ie a faint shadow around l\\ft cenxm^ i^J^ist 
ihadow. In Fig, 51 suppose S L is the YuTraTmaa wpVatd, wA"^^ 
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the illaminalnl imc. If A G be moTcd as a Ua^m to both spbens^ 
it will (|tw.-rilx.- a fine, tracing a perfectly dait spaw, M G H N, 
Tbiii in till! tme ithailow. If we move a second «tisig1it line L D 
tangent t(i tint)i Hjilii-res, it willdeacnbe a new omieal suriace. BD(I 
Tliia Hpaixi (i b bclwemi the two oonickl sorfaecs is neither quite dai 
nur <|uit« light, reeoiving light ironi some parte of the IntuiDoi 
iNxly, aiid not fiimi others. It is the penumbta (almnst. a sliailow).. 
I'hv uxpliinotion of ihc phenomena of nliptef and transits of YeutH 
or M(irpiiry over the nun followa from the theory of ghadowa. 

Detoribe the camera obaonra. 

'Mk- ctiiiicTti (iliHuura, or " Jark ehambcr," was invenled by Porta,. 
Ik phytiician of Naples, over two hundred yi^nra ago. It is simply 
box willi A Miiiull aiicrture in one aide, ami the side opposite ad 
t» n w^rwin fiir llio reeeptioti of iuuges of oulflide objects. These in 
nguN an) inverttMl (Fig. 52), and their shape ia lliat of the exlenol 



ohjdrt ami indcijcndcnt of the Bhape nl' the aperture. That the 
Hlinpo of tho imaffB l>aa nothing to do with the almite of the apertuM 
ia HOtin among the ahailows of foliage. The iuia^^e of the a 
alwii,\'B niiind or elliptical, according as the ground is perpendicnlaf 
or obliipie lu the sun's rays. Tlie aperture of the camera miist h 
so small, however, that no two points of ibe object shall cast tliof 
image on the same point of the screen. The size of the hole ahv 
doteroiinca the amount of light enleriug the box. A small onft 
givos a more distinct image, but at ihe expense of leee light. 

The rensoD that the image is inverted is that the rays, eontinnt 
in sttxight lines, cro^is each other at the aperture. The nya ftoH 
th« spire (I^. 52) reach the 3Ci«eo at a low point, while iboee Inn 
th4 hue of the church come to higher parts. The brightness and 
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precision of these iniagea are increased by means of lenses placed at 
or near the aperture. 

Tlien we have a photographer's camera. 
Wbat is the velocity of light T 

The velocity of light was first determined by Romer of Dc'iimark 
in 1675, from observations upon the eclipses of one of Jupiter's 
moons. This first satellite (£!, Fig. 53) passes into Jupiter's shadow 




at equal intervals of time every 42 hours and some minutes. While 
the earth is in the part of itsorbit ab, the intervals between the suc- 
cessive eclipses of E do not materially differ. But as the earth moves 
away in its revolution around the sun tovrard T'. the interval between 
the eclipses increases, and at T' there is a retardation of 1 & m. 26.6 
sec. between the time at which the phenomenon is seen and that at 
which it is calculated to take place. At T' the light from K has 
had to travel TT' farther to reach the earth than when it was at 
T; !. e. light requires 16 m. 26.6 sec to travel TT^, which is the 
diameter of the terrestrial orbit, or twice the distance of the earth 
ftomtheaun. This distance is reckoned at 91, 500,(XIO miles X2 = 
183,1)00,000 ms., the length of TT'. 16 m. 26.6 see. =986.6 sec. 
, If light travels 183,000,000 miles in 986.6 sec,, it will travel 
iijgjfytu miles in 1 see. — viz. 185,485 ms. In round numbers, we 
may call the velocity of light 186,000 miles per sec. 

For sound to travel the distance from earth to sun and back would 
require 29 years; light does it in 16) sec. The latter is the velocity 
with which ether vibralions are transmitted ; the former is the speed 
with which vibrations in air move. Light from the nearest stars 
would require 31 years to reach us. Some are so far away that they 
may have been extinguished for hundreds of years without our 
knowing it. 
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What ii the law of the intenaity of light? 

Tilt inleiutity of HqUi on it gi'mi unrfiicf is iin-pi-s^y m thf »q»(irf 
nf itt datiiHce from the xource <if lighi. This is the law of inveno 
Bquaree. The iut«DHity of light diminishes as the sqviore of the dis- 
tance increases. 

The luw only applien lo nutumlly divergent rays, and not W light 
from lenses. In Fig. 54 let the screen U D be placed at a. certain 
distance from L, the source of light, and A 1) at double this dis- 




tance. The diameter of A B is twice that of C T), and the aurfatea 
of circlea are to cairh other ae ihe squares of their diameters. A B 
has four limes the area of C D — four times as large for twice the. 
distance — or the intensity of illumination on A B is diminished fi 
fold hy doubling; its distaTiee from L. 

It would require 4 candles to give the same illumination to AB 
that 1 furnishes to C D. At three times the dislanee it would takB 
9 candles tu equal the I. 

What is the standard candle T 

Tlicre is a goud deiil of discuBsion as to an established unit fot 
comparing the intensilipa of light. Tlie following is adopted from 
the English gas-makers: The condA^poHwr is the lunount of light 
given by a spermaceti candle burning 2 grains per minute, and of i 
such size that 6 weigh 1 pound. In France they use an aiganl' 
liiniji. Healed platinum has also been proposed. 

Describe the two chief kinds of photometers. 

A plintomet''r is an inatnimcnt for niea^nring the relative intend™ 
ties of lighte. 

Eumford't is a shaJow photometer, An opatjue rod (Fig. 55) hi 
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flicd in front of a ground-glasa screen ; then the lights to be com- 
pared project the shadows of the rod on the screen. Move the 
lamp till the two shadows are equal, and note how much farther 




away h Is than the stAndorrd cundle. If twice ait fax, its inten^ty is 
four times as great us that of the candle. 

Sitimen' I photometer depends upon the following principles; It 
must be uBed in a black-walled room. A greoae-spot oti a piece of 
blotting-paper appears translucent. If illuminated from the front, 
it appears darker than the surrounding apace : ii' illnminated from 
behind, the spot will appear light on a dark ground. When the 
illumination is the same on both aides, the grensed piirt and the rest 
appear unchanged. Set two lights {Fig. 5)1) 100 in. apart, one of 




which is the standard candle. Move the paper screen with its spot 
until there is no difference in the brightness of the greased part and 
the rest of the screen. Measure the distances of the liglits from the 
screen, and their relative illuminating powcra oie 4\tc(A'a *& "Saa 

10 
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squares of these distances. This does not contradict ihe law of 
inverse s^iuares, which applies when only one light is moved toward 
or away from a screen. A difference in strength of light or shadow 
can be perceived when the duller light is t£ of the brightness of the 
other. 

An ordinary kerosene lamp has 8-10 candle-power. 

'* student ** " 12 " 

*' gas-burner in N. Y. has 18-30 " 

Most powerful electric arc '' 55,900 ** 

In fonncr days gas in New York was about 16 candle-power. The 
standard for gas consumption is 5 cu. ft. per hour. 



OHAPTBR XV. 

MIBROBS AND LENSES. 

Reflection of Light. — ^Mirrors. 

What is reflection and its laws! 

Reflection of light is the rebound or turning back of a luminous 
ray when it meets a polislicd surface. The laws are the same as 
tliose of heat : 

( 1 ) The angle of incidence u equal to the angle of reflection, 

(2) The incident and the reflected ray are both on the same plane, 
which is perpendicular to the reflecting surface. (See Fig. 49. ) 

These laws can be proven mathematically correct by means of a 
ray striking upon a mirror placed in the centre of a graduated brass 
circle held vertically. 

What are mirrors? 

Mirrors are bodies with polished surfaces which show by reflection 
objects presented to them. The place at which the objects appear is 
the image. 

Mirrors may be plane, concave, convex, spJierical, parabolic, con- 
ical, etc. 

Mirror-glass is cast upon an iron table, and then rubbed smooth 
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ineiy, and nest with oxide of iron. The 
d Hg. 
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ol image w mie fumu'il hy f/wiV jirotongalhm. Many phenomena 
e proilueed by reflection from mirrorB; as Pepper's ghost and the 
■lui of Joliii the Baptist. 

Curved MirrorB. 
Oive definitioiiB of terms ooimected with Bpherical mirrors. 

Of curved mirrors thiise most ofljsn used are spherical and ifirii- 
bolic. Spherieal are those whose cuii'ature is that of a ephere. 
AoLiirding hs the reflection takes place from its inner or otit«r eiir- 
face, it is concave gr convex. In Fig. 59 let C be the centre of a 




hollow sphere of whicli M N forms a. ]iart. It is called the centre 
nf eiirviti/re. The point A is the verier. The Btraighl line A L 
drawn through the vertex and centre of curvature iB the prtncipai 
axis. Any other straight hne drawn through C and meeting the 
I mirror ia a secoiuliiiy axit. The foc.M is the point at which the re- 
I fleeted rays meet. The distance M N is the aperture of the mirror. 

How to find the foci in spherical conoave mirrors. 

A concave mirror may lie considered aa luiide up of an infinite 
number of small plane surfaces, and the radii of the ephere, C M or 
C B, lire perpendicular to these surfaces. 

When the rays come from an infinito distance, and are practically 
parallel to the principal axis, the ray G, for exaniplo, strikes the 
small plane surface at D, and is reflected according to the laws of 
reflection, making the angle of reflection FDC^to the angle of 
incidence Gr D 0. 

Any other reflected ray will pass very nearly through this same 
point F on the principal axis, which is called the principal /ixia, 
and the distance A F is the principal focal distance. F Ib just half- 
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way between the centre of curvature and the vertex. It is alao the 
focus for parallel heat-rays aa well as for luminous ones. 

Convereely, W the limiiuoua point be placed at F, the reflected 
rays will be parallel, as D G, B H, eUi. 

Suppose divergent niya are emitted Irom aoiue point, L (Fig. 60). 
Then the angles of incidence are smaller than in (he iibove case, and 




IT to C ; then / approachc! 



therefore the eorreajionding angles of niflettion will be smaller, and 
the ray L K. at^r reflection wdl meet the axis at some poiot / be- 
tween C and F. All the rays from L will intersect at I. L atid I 
are called conjugate foci 

A focus is the point where reflected rays meet. A principal fociis 
is the point where parallel rays meet after reflection. 

Conjaguiefoci are points 80 related that rays from either one con- 
verge at the other. They are points where other than parallel rays 
meet. 

Suppose in f^;;. 60 that L is brought ni 
it in a corresponding manner. When 
h is at C, I also coincides ; the inci- 
dent ray is reflected on itself, and no 
image is formed. When L is be- 
tween C and F, the eonjupale focus 
is on the other side of (' When L 
coincides with F, the refltctcd rajs 
are parallel to the axis, and form no 
focus (Fig. 59). 

If L continues to approach the 
mirror (Fig. 61 ), it maktH a 1 ir^c annle c 

Kicular C M, larger than V HI C, wliich gives a ray parallel 
All the reflected rays from L will be divergent, and wwAw 




with the per. 
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intefficct Dor be paruUcl. Hut if ihcy ore coiicc-ived as proloi 
liL-biiiil the mim>r, ihoy will intersect at L Tli'is is a virttnl / 

It will be ii(iti(M.'(l that the ))08ttion of the pruieipol focus F tseg 
stant, while that of virtoal and cotuu^-al« t'lxii varies. The priiiai( 
and cui^upale tool are real, always ou the Bume §ide of th« tnirrorq 
the luminous iioiDt, while the virtual locus is on the other side 

It' L be on a seMiudary asm inslenil of a, piimnry. focus I will kl 
be on this axis, and be principal, coitjiigntu, or virtual. 

The radius of curvature of u mirror ih iwiee the focal dial 
tile fiwiiH eaii I* I'uuuJ by meunn of refleolud sun's niys. 
How to find ibci in convex mirrors. 

■a the foei an: ;ill \iriii.d (Fig. 62J. Raj-s ji; 




to the axis are diverj;ent on nifleelioji, anil when iHiiilinucJ meet, « 
a i\K\M behind the inlmir, whieli w (he pniici'iuil wtiiitl fiia 

What is the general effect of concave and convex miiron 
The general effect of a eoiKuivo miiTor is to eolleet rays, inereawj^ 
convergence or decreasing tlio diverficnce of iiieident. raya. 
vex mirror Hcatters rays. 
Hot are images formed in concave mirrors f 

Take for an oliiect A H in Pig H'i. To find where an image w 
be, always pniceej thus: First draw the primno' i^^is- Nest dw 
secondury axes, as A E and B I. Place F halfway between C 
the mirror. Tlien dr.iw radii fmm C to any point where ai 
ray may Btrike, as D. Make the angles of incidence and n 
canal. As my A D is «ot noeeesarily parallel to the prineipal k 



it will not focus at F, but at hi 






n the secondary a: 
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The iiua^ of B aliw Tails on secondary axis B I tiXlj: b and a are 
coDJugate foci of B and A. The images of all tlio ixiinU uE' tlie 



object will fail betweeu a iiiid /., being bciwceii and limited by Lbe 
seuondaij axes. 

The image is r«i?, iitivrted. gnuiHer tban the oliject, and placed 
between the centre of airvatiire and Ike principal /f/viM. 

An object at C produces no image. One between C and P, as at 
a b, produces the image A B, real, inverted, and larger than the 
olliect. 

The imaKc gels larger as the object approiiches the focus. An 
otyect at the foeus produces no image, for the n.'flected rays are 
parallel to the secondary axes, ibrming no conjugate ioci. 

When the object is between F and the mirror: Draw secondary axes 
and radii aa before (Fig. 64). Tito reflected rays diverge and form 




an image behind the 
ondary axes. This 



mimir, lietwoen iho prtilonfaiionw of the sec- 
image is viituai, en-cl, and larger ihan the 
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How are images formed with coavex miirorsf 

All the iui.-i'Jt'iil rjy» uri- divergent aUer rcfleetioD, add odI 
pruluiigatiuuB funu iiu intake b(.-hiii<i the mirror (Fig. 65). HeDca* 




wlintcvcr tiie imnitinn nf an 'ibji'<-i in fnmt iif e. convex mirror, tl 
iuiu^e (« aliiiii/x rifiiiiil, riril, niid xaui/l'r than the ulyect. 

Snmmary of images formed by mirrors. 

Maiir Mirrorn. — The image is virtual^ rxfct, and of the tamr « 
as the objeuL It euifera lalaiil inva'tioii, and is aa far behind tl 
mirror ae the olaLvt is in front of it. 

Concave Mirrait.—ThQy make both reid and virluul images. (I 
If the objoct is at such a disuuice that its rays are parallel, H 
image is rent, inverUit, nmullr-r than the object, and at the princjpl 
fnciiB. (2) If the object is beyoiiil C, the image is r« 
untaUir than the object, and between C and F. (3) If the objen 
is at C', the image is rofleuteil back upon it (4) If the abjecti 
betneen C and P, tlie imago Is rod, tiitwtoi, larger than the olyeo^ 
and beyond C. (5) If the object is at F, no image is fbnued. (6 
If the object is between F and tho mirror, the image is nrfud 
erect, and larger than the object. 

(hnvex Mi-roTt.—Tbe image is alwaynvirtuai, erect, and t\ 
(ban the object 

Cylindrical and conical mirrors ludicrously distort objects. Sphe) 
ical mirrors make them appear smaller or larger, but they are si"" 
symmetrical. 
What ii the effect of parabolic mirron 1 

Parabolic mirrors enuclly focus to one point all parallel inddt 
rays. Spherical mirrors do not do this cKaeily. A himinous poiil 
at the focus of a parabolic mirror therefore sends out parallel rays 



r 

^r MIRRORS AND LENBE8. 153 J 

They are vmod behind the hcad-lighU of locomotiFes, and Tormerly 1 
in liehthouBes. The echelon tens (step of a ludderj is uow used in 1 

liglltholUMM. T 

What is spherical aberratloii by reflection? ^ 

Wlien thii aperture of a splicrieal mirror does not exceed 8" or 
10°, the reflected rays pass through a single point. Witli a larger 
&pertun: the rays reflected near its edges meet the principal axis ut 
a point neurur the mirror than the others do. Hence arises a laek 
of precision in the images, called upherlatl uberriUioii hy rtjl'-ction. 
Everj' reflected ray cats the one nest tfl it, and their points of inter- 
seution form a curved surface, called the atiislic by rrfle^fion. Tliis 
curve can be seen when light is reflected from the mside of a cup 
containing milk. 

Mel^Uie mirrors and )K)lislied tjurfaces only give ouu iuiage. Glass 
mirmrs have two reflecting surfaces. When the image of a candle- 
flame is looked at obliquely before a looking-glass, the first image is 
fueble, coming irom the anterior surface ; a second is distinct and 
bright, and comes from the quicksilver on the back. This image is 
distant from the first by double the tliiekneBs of the glaBt^. In Fig. 

Fm. M, 
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66 let Ih 
the ray in 


ray A o strike (lu- luirnir H (' oiilHiiiely. A p 
reflected to b, but another enters the glass a c, 


rtinn of 
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fltvtoil fnnu the aiualiram, striking at e. Only a part of this goes 
iHit ill the lino * d : the rest is reflect<Hl back again to the posterior 
surtW, anil s«» on until the original ray undergoes so many splittiogs 
that it ran nt> lonirer prinluce distinct effects. If an eye were placed 
at A, il. f/, it would sjcc multiple images of A in the directions of ba^ 
</ *, etc. 

How are multiple images formed by two plane mirrors? 

Multiplo iniaues are formed when the object is between two plane 
niim»rs. Tho imager are reflected from one to the other. If the 
mirn>rs an» at an angle of yt^, three images are seen, 60° produces 
tivo, and 4.'>° st'vcn images. When the mirrors are parallel an infi- 
nite nunilKT of images n^ults. 

Tlu' kaleid<»sco|>o depends ujum this property. Three mirrors are 
plaeetl inside a tuln^ and inclined at angles of 60°. These enclofie 
hits of colored glius.s, producing an endless variety of sbai^es. 

What is diffused light? 

Jiight falling n])on an optoque body separates into three parts: cue 
is ntlrctrd nyKhir/i/ ; another irregularly — L e. in all directions; 
and a third is (ihsorhn/. The irregularly reflected light is called 
si'uttnul or </i(l'nsr</ liirlit, and it is tliis which makes bodies visible. 
A roiiuh surface is made up of planes turned in every direction; 
lienci^ the rays are reflect ed in every direction. 

Keiriilurly reflected light does not give us images of the reflecting 
surface, Imt ol' the body from which the hght proceeds. 

Perfectly smooth polished surfaces would be invisible, reflecting 
every ray and diff'using none. 

The intensity ol' reflected light increases with the degree of jwlisli 
and the ohliijuity of the ray. Out of 10(X) parts of light which 
strike water peri)endicularly, oidy 18 are reflected. If the angle ol 
incidence is 89]°, 721 parts are reflected. 

What are some of the applications of mirrors? 

l^lanc reflecting surfaces are used in the sextant for measuring 
angular distances ; in the heliograph for signalling when the sun's 
light is available ; and in the heUostat for sending solar light in a 
constant direction. Silver mirrors reflect 90%, and amalgam only 
()()%, of incident light. 
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^^^f Sinirle Befraoidon.- 

"* What is refraction 1 

' Rt^frattioQ is the deflection or bending which 

pnssing obliquely from oue medium to anothci 

pendiciilarly, it is not hent. In Fig. 67 sup- 

If pose the ray S'3 passes from air to water. 

It is bent in the direction H. The ungle 

I BOH funiied between the refracted ray 

I and tbc perpendicular is the angle of refrac- 

j tion. We note that a my in passing from a 

ininr to a denser medium is refracted toward 
the perpendicular. Id passing fr\)m a t^tn-tu 
a rater, it is refracted from the perpendicuhir. 
The perpendicular is any line drawn at right 
separating the two media. 



Wliat Ib the explanation of re&action ? 

It is due to the relative velocity of li^lit in the two media. Let a 
series of parallel wave fronts Iciive an object C (Fig 6») and pass 
through a reetiLugukr piece of 
glass. The point n of a given 
wave front a b m retarded, 
entering the glow fit»(, while I 
li relAJns its original velocity. 
'llie fronts assume new p 
ttoijs, much as soldiers executu | 
a wheel. As they emerge c 
conies out first, and gains on d ; 
so the emergent ray is parallel 
til the direction it had before I 
entering thegloss. It ban been I 
laterally displaced. If the my I 
had struck the glass pcr)>eii- 
dioularly, then all points of the 
wave would have K-en checked ' 
at the same instant, and suffered no refraction. 
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Fig. 69. 



What are the laws of refraction? 

(1 ) The ratio which the sine of the incident angle hears to the sine 
of tJie angle of refraction is constant for the same two media, but 
varies with different media. 

(2) The incident and refracted rays are in the sam^ plane, which 
is perpendicular to the refracting surfoux. 

These have been called Descartes' law. 

In Fig. 69 let a ray of light pass in the direction of N o, striking 

a hemispherical vessel of 
water. It is here refracted in 
the direction o P. A D is per- 
pendicular to the refracting 
surface, and let I and E. be at 
right angles to it. Suppose 
the lengths of the radii o N 
or P to be 10 in., and I to 
be T^ as long as o N. 

In trigonometry this frac- 
tion, or — ^, is called the 

sine of the angle A o N. In 
a given case R might be ^ 
the length of o P, which fi-ac- 

tion, or — rs, is the sine of P o 

IT 

D. The sine of the angle of 
incidence A o N is to the sine 
of the angle of refraction P o D as I : R, or as 8 : 6, or as 4 : 3. 
These lengths of I and R will always be the same for the same two 
media, and they also express the ratio of the velocities of the inci- 
dent and refracted light. 




What is the index of refraction? 

This ratio of sines of the incident and refracting angles is the 
index of refraction. For air and water, as in Fig. 69, it is i. From 
water into air the index b J. From air to glass it is f ; from air to 
diamond, f . 
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When a ray passea from a, vacuum the refrnctive index is greater 
unity, and is called the nl/solwte liulex of refriKlinn. 
Absolute index of vocnum, 1. 

air, 1.000,294. 

" " eryatalline lens, 1.384. 

diiini.)nd, 2.47 to 2.75. 

Wliat are some of the effects of refraction? 

Place a coin od the bottom uf an empty basin, bo that it is jiigt 
out of sight of an eye peering over the edge. Now Gil the ba^iu 
with water, and the coin has become viBible. The ray of light from 
the coin is now bent at the surface of the liquid and Htrikes the eye. 
Apparently the bottom of the vessel is elevated and the water shal- 
lower. Thrust a strclt obliquely into water, and it will appear short- 
ened and bent, and the immersed portion elevated. 

The slara, sun, and moon are visible to us when below the horizon. 
The atmosphere is denser nearer the earth, and rays coming through 
it are bent toward us, seeming to raise the heavenly body. This ele- 
vation is abjut i° for our climate. 

Twilight ia due both to retraction and reflection by our atmo- 

Ezplam the critical angle and total reflection. 

Any ray can get from a rare to a denser medium, but not all can 
pass from a dense to a rarer one. Let rays pass from water to air 
(Kg. 70). As the angle between B O and 
S O getH larger the refrauted ray will get 
UL'urer and nearer to the surface O B, 
until finally the angle of incidence iS B 
will oorreapond to on angle of refraction 
A R, which is a right angle, and the i 
rethictcd ray R pat«)eM iiarallel to the 
surface of water. This angle S B is 
the cri'ticiiJ or Itmifina oiigk. It is such 
on nngle t/uU wiR pr/xfiuv n rr/rncletl my 
nf SCf. The unc of this angle multiplied 
by the index of refraction - 1. For any greater angii 
the incident ray cannot emerge, hut undergoes total refiecti 
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of Q. This always occurs when the rays in the denser medimn 
are incident at an angle greater than the critical angle. 

The critical angle of water to air is 48*^ 35''. 

glass " 41° 48^ 
diamond '' 23° 4r. 






The critical angle diminishes as the refractive index increases. 
The brilliancy of the diamond and the lustre of cut glass are due to 
this internal reflection. They are more brilliant as the critical angle 
is less, for this allows a greater number of rays to be totally reflected, 
and but few pass through. "Paste'' diamonds are made of lead 
oxide and flint glass. 

In Fig. 7U it i,s evident that all the incident light which passes 
irom air to water in the angular space A R is condensed by refrac- 
tion into space S B of 48i°, or the whole light that passes into 
water is condensed into 97°. A diver can see overhead only in a 
circular aperture of limited diameter. Beyond this circle he sees 
rcflcctcul the various objects on the bottom. 

'l1io llhnniuated fountain shows the principle of total reflection. 
Li<rlit is admitted from behind, and totally reflected from one surface 
of the stream to the other, and only appears as a round spot ut the 
bottom of the receiving basin. 

Explain the mirage. 

The minuje is an oj)tical illusion by which inverted images of dis- 
tant objects are scon as if below the ground or in the atmosphere. 
It is a phcnoniouon of refraction, and most seen in hot countries. 

The layers of air next the earth are most heated, and so less dense. 
The rays from some tall object are refracted less and less as they 
approach the earth, until they finally reach the eye as though com- 
ing from beneath the ground. 

IMariners sometimes see such images in air, due to the same cause, 
})ut in a contrary direction, the lower layers of air being colder and 
denser from contact with water. 

Show the path of a ray through a medium with parallel 
sides. 

The emergent ray is parallel to the incident ray. Let ray S A be 
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Ibue (Fig. TI ] ; draw the perpen- 
Uars at pointB A and D. Bay 
D IB reflected toward the petpen- 
k^K^ioular, and D B from it. The ex- 
f temal angles I and K are equal, as are 
■-« tbe internal ones i' and r. If ray S 
A should be perpendicular to M N, 
^^it passes atraight through without 
*"' deflection. (See also Fig. 68.) 

B Show the p&th of & ra; through a prism. 

■ An optieal priem is any tr.iMBpiirunt uiediuia comprised between 

Iwo plane Burfacea inclined to each other. Tliose wsed for ex[H!ri- 

P* meat are generally right triangular prisms of glass (Fig. 72). Their 






prinetpa) secfdon is a triangle {Fig. 73). The angle A of the inclina- 
tion of the two faces is the ri/i-uctivg (ingle. I^et D he incident 
at D. It will he refracted twice in the same direction, always.tuward 
the base of the prism. At D it is rcfraclcd toward the perpendicu- 
lar in a dense medium ; at K from the perpendicular in a rarer me- 
dium. The eye sees the object O at 0'. Tlie angle E 0' is the 
angle of deviatum. There is an angle of deviation loss than any 
other, and this miiiimnm detmiltoii takes place when the angles of 
emergence and incidence are equal. 

Show the path of a ray in a rig;ht- angled prism. 

I'risins whoso refracting angle is a right anjilc totally reflect tlie 
rays. Their section is a rightranglcil isoHci'les triangle. Eiiy H 
(Rk- 74) entera the glass without rcii'uftioii till it teaclieft \\. ^'-w 



htte totally reSected, Btiiking &c« A B at aa angle of 4ft', 

ETe&l«T tlua ihe nitkal anifc il 




I 



41*48'. Thus theV- 
poibeouse nn^ce A B arts like a 
perfect pUne minur, and the ep 
fi«« ihe image at O'. 

Uiimlphide of carbon is tlie best 
liiliiid for prisms, being of hipb 
n-rnw-tive power. It b li»lle W 
.irutily. 



Lensee. 
What are leosei T 

Ijijnses are tmiispArent media bonnded either by two curved eor- 
fiiH'f, or by line jiliuio and one i-urved surface. 

They may lie spherical, elliptical, cylindrica], or parabolic. TliHec 
used in optics l>elnng to the sphcrioil type. They are made either 
of crown gliiaR which k free frum lead, or of flint glass, which con 
tiling lend ami is imirc refractive. There are six kinds: three thai 
are lliiekcr in the centre than at the edges, and are ettairrying 



t( 



Imta; three that are thinner at the centre than at the edges, and 
are diverging lenses. M is dniiJJe cmivex ; N is ptano-eanvex ; is 
eopverging miion'o-convex ; P is rfemWe aiitcavf ; Q is pfano-concarr; 
and R is a diverging conearii'Convex. and R are also called mmih 

Deflne certain terms employed to desoribe lenses. 

M and P (Pig- 75) will only be considered, as showing the proper- J 
ties of each group. The centres fur the spherical surfaces are odled 1 
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I the centra nf ciirvahtre, and the straight line coDiiecting them is the 
pi'incipai asia. With every lens there is a point on the principul 
axis called the optical centre. Every ray of light passing through it 
ejpcrieiiMS no angular deviation. In double convex and double 
concave lenses tliis point is hallway between their respective cnrved 
surfaces — i. e. inside the substance of the lens. In tenses with one 

I plane face this point is at the intersection of the principal axis with 
the curved surface. 

^ Ateotmdary axm is any lino passing through the optical centre and 

I not through the centres of curvature. 

The first group of three lenses may lie supposed to be made up of 
a succession of prisms, with their summits outward, and their bases 
make the lens thick at the middle. 

In the second group the bases are outward. Thus the first group 
ought to condense the rays, as a ray traversing a pHsm is deflected 
toward its base. The general effect of all convex lenses is t« con- 
verge transmitted rays ; concave lenses scatter them. Convex lenses 
and concave mirrors go together in producing similar effects ; so do 
concave lenses and convex mirrors. 

How are foci produced by doable convex lenses 1 

The focus of a lens is the point where rcfriieted rays or their pro- 
longations meet. 

The priaeipal focia is the point where parallel incident rays meet 
after refraction. 
^^^J^e Tral focus is formed on the side of the lena opposite to the 

^^TOBinous body ; the reverse of the case for concave mirrors. In Fig. 
76 let th« incident rays be parallel. Draw perpendicu.Ui«iVQV^aA& 
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B and D from their respective centres of curvature, Ray L B, in 
approatliiiiK the perpenilieular at B and m diverging from it at D, 
ifl twice refracted toward the axis, which it cuts at F. All the par- 
allel rays will be brought to this point. The diatanee A F is tie 
priocipnl focal distance. 

In ordinary lenses the principal focus coincides very nearly with 
the centre of cnrvature ; in pluno-conves lenses the principal fociil 
distance is twice that of a double convex lens. 

Again, let luminous rays dircrge from L (Fig. 77). The angle 
of incidence is here greater than that for a ray parallel to the axis, 




as S B. Tlie Icna has not the power to bend the emergent ray down 
to F, but only to h All rays from L will approximately inteiseiA 
here, and these two points, L and I, are conjugate foci, A lumi- 
nous point at either one is focused at the other. When L coin- 
cides with F, the emergent rays wili be parallel to the axis and 
form no focus. 

A double convex lens has a virtual fiiois when the luminous object 
is between the principal focus and the lens, and it is on the mimf. side 
of the ferts OS tlie himitxna body. Tlie emergent rays diverge and 
cannot produce a real focus, hut their prolongatjona will intersect on 
the axis. 

How is a focnB formed with a double concave lens 1 

This lens can only form a virtual focus, just as a convex mirror 
did. In case of lenses a virtual focus is always on the same ude U 
the InmiDOUS body; in case of mirrors always on the oppodte aide. 



In Fig. "m the ray S I ia refracted towanl tlio perpendicular C I, 
and on emerging fiinn the perpcndie- 
^"''- '^' uliir G- 0', being bent twice from the 

axis. The refracted raya form a di- 
vergent pencil, the prolongations of 
nhieh intersect at some point P, called 
the principal virtual focus. 

Convex lenses are often called 
" burning-glasses," from Iheir power 
te i'oeus heat rays. 

How are images formed by double convex Ibhscb^ 

'riie imajtcs will 1,l' real or virtual in llie same oises that the foci 
were. Let object A B be beyond the principal locus (Fig. 75). 





First draw the piincipal axis and the secondary axes A a and B b. 
Any two of the many rays from A will determine where its image a 
is to be. The two easily traced are one along Aon, and one A C 
parallel to the principal axis. The tatter is refracted so as to pass 
through F, and intersects the secondafy axis at a. This is the con- 
jugate focus of A, Similarly for B and all intermediate points, and 
a re/tl inverted, image is formed at <t b, between the secondary axes. 
Conversely, if a b were the liuninouj object, its image would be A B. 
Two consequences important for the theoi? of opijeal instruments 
follow from this ; that — 1st, 1/ an olgeet, even a very Inrge one, it tit 
a tifffieient iHatanee Jrom a double convex fcni, the real and inverttd 
image which i» obtainfd of if w eery tmall; it is near the principal 
focw, hit Kmachat farther frrm the lent thnn thi* in. 2d, If a vtry 
wmall oliject be placed yiear the principal foetis, but a little m front 
qf it, the image which is formed is <Ua great <2u(aiv» ■, it w toju^ 
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arffir, and that m proportion rid the of^t it neiir the }>riiicipal 
Kjis. In a]l cases the oly'ecl and the itniLge have the siiiuc propor- 
tion as their dietancea from the lena. 

A Virhutl Image viith a Convex Zflis.— Suppose the object A B 
IB between the lens and tie focus. Here, again, draw principal and 
Beoondary axis (Fig. 80). Ray AC on eniergiug diverges from aec- 




ond;iry axis ti. The prolonicration of this ray, however, will cut 
U If at a. A similar point ie found lor B ; ho tlie image is between 

The image of an object placed nearer the lens than the pnncipitl 
focus ia virtual, magnified, and erecl. A convex lens thus used ia a, 
nmple microscope. 

The principle illustrated in Fig, 79 is that of the telescope. 




How are imaffSB formed by double concave lenieaf 

These give only virtual images, whatever the distance of the 
oligect Let A B be placed in front of such a lens (Fig. SI). Draw 
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seconJiiry axes for A anil H. Tlie emergent rays diverge, and the 
pi>ints where their probngatious cut tlie aeMndary ases determine 
a b. Hence imiigea formed hy double cotieavu lenseB are always 
virtuai, erect, and smaller thiiti the object. 
What is spherical aberratioii by re&action "i 

When the aperture of a lena does not exceed 10° or 12°, all its 
refracted raya intenect at one point. When tUe aperture is larger, 
the raj's coming from near the edges will intersect at a point Fnearer 
the lens than G, which ia the focus of the other rays (Pig. 82). 




This is spherical aberration by refraction, analosons to that by reflec- 
tion. Lenses which are free from spherical aberration are siiid to be 
aplixTuitic. This defect is very objectionable in all lenses, especially 
ill photography, where the image should be distinct near the edges 
i\» well as at the centre. It is partly remedied by placing diapbragma 
before the lena or by using two lenses a little distance apart. The 
crj"BtaIline lens of the eye has the only perfect self-regulating dia- 
phragm— vui. the iris. 

As an application, of lenses and mirrors may be mentioned the 
larj'Dgoscope, where a concave mirror or a conveic lens aided by u 
reflector may converge the raj's into the pharynx. 

Summary and Coini>ariBoiiB. 



Reflection is the U 
Befriiction ia the t 



a used for mirr 
ui used for lens 
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With the mirror the true rays are turned back ; hence the princi- 
pal focus and real images are all on the luminous side of the glass. 
With the lens the rays pass through and are bent ; hence the prin- 
cipal focus and real images are all on the far side of the lens. 

The principal focus of a concaVe or a convex mirror is about half- 
way between the centre of curvature and the mirror. 

Tlie principal focus of a double convex or a double concave lens 
about coincides with the centre of curvature. 

No heat or light rays centre at a virtual focus; a virtual image 
cunnut be cast upon a screen. The eye is the only apparatus which 
detects it, vision running along the directions of the real rays, which 
are on the other side of the mirror or lens. 

Concave mirrors and convex lenses have real, virtual, and conju- 
gate foci. 

(yonvex mirrors and concave lenses can have only virtual foci. 

The principal axis of a curved mirror passes through the centre 
of curvature and the centre of the mirror. The principal axis of 
doubly-curved lenses connects the two centres of curvature. 

The secondary axis of a mirror must pass through its centre of 
curvature. 

The secondary axis of a lens must pass through its optical centre, 
and not thn)ugh its centre of curvature. 

Concave mirrors and convex lenses converge incident rays ; con- 
vex mirrors and concave lenses scatter them. 

The image of an object placed bej'ond the centre of curvature is 
real, inverted^ andfnnaller than the object. With the concave mirror 
it is located between C and F ; with the convex lens it is beyond F. 

If the object is at C in either case, the image is formed at C. If 
the object is between C and F, the image will be real^ inverted^ and 
larger than the object and beyond C. 

If the object is at the focus of either, the reflected or refracted 
rays will be panillel, and no image be formed. 

If the object is between F and the mirror or lens, the image is wr- 
tual^ erects and magnifiexh In case of the concave mirror it is back 
of it ; in case of the convex lens it is on the same side as the object. 

Convex mirrors and concave lenses always produce images which 
are virtual^ nrcf^ and snmller than the object These images are 
behind the mirror and in front of the lens. 
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CHAPTER SW. 
DISPERSION AND THE SPEOTBO SCOPE. 

latis dispersion? 

1 plienomcna of refraction arc not so simple as has been aw- 
Whcu white light, like that of the sun, passes from oac 
a to another, it is decomposed into several kinds of light, a 
BOtnenon called dixpertion. 

nil the uncptal refraction of different wave length. Sir 
c Newton was the firat to study rainbow colors in 1675. 
Let a ray of sunlight enter a dark room through a slit in a window- 
shutter. This slit should be about I in. long and -js iU' wide, and 
near it may be placed au achromatic double convex lens for caacen- 
tratin^ the rays. 
The pcneU of light tends to form a. round eolorloas image of ihc 



Kt K (Elg. 83). Interpose in its path a flint-glass prism i 




I 



ranged horizontally with its base uppermost. The emerging pencil 
is refracted toward ilM banc, and prudiices on ihe screen a isjlored 
ribbon rounded at the ends and called the snhr epectrum. There 
is really an infinity of tmts, but seven colors are usually distin- 
guished. From above down they are iiolet mdigo Uar green, 7/d- 
hw, orange, red, their initial letters spclhug the unknown word 
ml-ffyor. 
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The violet rays are refracted the most, and the red least. Violet 
also occupies the greatest extent in the spectrum of any one color, 
and orange the least. The spectrum is in part produced by an innu- 
merable series of overlappings of the image of the aperture. New- 
ton did not find this out, but WoUaston did, and used a veiy narrow 
slit, as mentioned above. 

The refracting angle of the prism should be about 60**. Prisms 
of different substances produce the same colors in the same order, 
but the lengths of the spectra will vary. Some substances have a 
greater dispersive— i. e. refractive power — than others. Flint glass 
makes a spectrum of double the length that crown glass does. 

Spectra from artificial lights rarely contain all the colors, but they 
are colors belonging to the solar spectrum, in the same order, but 
with modified intensity. A yellow flame produces a spectrum in 
which the yellow tint predominates. With a prism we never get 
the exact extent of each color due to its wave length. This is given 
by the diffraction grating. (See p. 200.) 

What is the explanation of the prodnction of the spectrum? 

The colors of the spectrum are simple, and cannot be further 
decomposed. A pencil of violet rays on passing a second prism wiU 
be refracted, but will be violet still. The simple colors have differ- 
ent degrees of refrangibility. In comparing their indices of refrac- 
tion, that of the j-ellow light of sodium is taken as the standard. 

The cause of the difference in refrangibilities— i'. c. the cause of 
color — depends upon the number of waves emitted in a second of 
time, or on their corresponding wave-lengths. Numerous waves go 
with a short wave-length. In a dense medium like a prism the 
short waves are more retarded than the long ones, and hence re- 
fracted more. Violet has short waves of about -^hms in-* and 
red has longer ones of -^^hsjs in. The eye is able to appreciate 
about this range of wave-length. There is a limit to its sensibility, 
and there is much more to the spectrum than can be appreciated 
by sight. 

How may white light be recomposed? 

We have ascertained its composition by analysis ; can it be ven- 
fied by synthesis? 
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It may bo reproduced in six different ways : 
^^K (l)Byaprisin; 

^^^k (2) By a doable coDvex lens ; 

^^^B (3) By a concave mirror; 

^F (4) By a series of rairroR ; 

r (5) By a rotating dialt ; 

{a) By an oscillating pnBtn. 

( 1 ) Let the spectrnm formed by one prism fall upon a second of 
^e same inaleri^ and reJracting angle, but inverted. The latter 

I will reunite the colors, and the emergent ray of white light is par- 
dlel to the first one. 

(2) Let the spectrum fall on a double convex lena or on a gUies 
globe filled with water, and a wkite image of the sun will be formed 
on a screen placed at the focus. 

(3) Same result as in (2). 

(4) Let the seven Heparate volora strike the (ilnue surfaces of seven 
little mirrorB, which can be inclined in all directions. The reflections 
of these seven colors may be superimposed upon a screen, and a sin- 
gle white band is obtained. 

(5) Newton's disk does the same by mixing the colors in the eye. 
Tlie colore are aminj,'od on the disk in proper proixjrtions, and it is 
then rapidly rotated, giving an effect of grayish white. These »ru 
not properly prismatic colors, but pigments, or a pure whit« would 

(ti) If a prism upon which the sunlight falls be made to oscillate 
rapidly, so that tlie siiectrum osciUatea rapidly, the middle of the 
speelruiu appears white. 

Explain the color of bodies. 

Color is not a ijuality of the object illuminated. "AH look alike 
inihcdurk," If a white object in the dark be successively illomi- 
uatcd by tho prismatic colors, it will appear violet, indigo, blue, etc. 
Those bodies which reflect or transmit all the colore in the prapor- 
lion in which they exist in the Bpcetnim are white, those which 
reflect or transmit none are black. Between these two limits are all 
possible tints, Bocordin^' as botlics reflect or transmit some colors and 
absorb others. A body apjienre yellow because it absorbs all the 
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colors except yellow, and this it reflects or transmits to our eye& 
(If transmitted the body is transparent ) 

When houses are painted color is not applied to them. Pigments 
are applied which have the property of absorbing all the colors 
except that one we would have the house appear. 

What are complementary colors? 

White can be produced in other ways than by mixing all the colors. 
If we can get the coincident action of two or more colors on the ret- 
ina, it gives a single impression which cannot be resolved. On a 
black surface, about 2 in. apart, place two small bits of paper, one 

yellow and the other indigo-blue (Fig. 84). 
In a vertical position above and between 
them hold a slip of plate glass. Looldng 
obliquely through it, you may see one paper 
by transmitted light and the other by reflec- 
tion. The two may be made to overlap in 
the eye, when both colors apparently disap- 
pear, and the color resulting from their mix- 
ture takes their place — viz. white or gray. White can always be com- 
pounded of two tints, which are called the complementary colors. 

Fig. 85. 
Red. 



Fig. 84. 




Violet. 



Orange. 



Indigo. 




YcUow. 



Blue. 



Grcenlsh-yeUow. 



Greenisb-blue. 
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Id the whcul of Fig. 85 those oolora at tlie enik of each diameter 
are compleaientary. By splittiug the greeti utid making eight colois 
from the seven, they follow in regular order. 

Again, on u whitfi bnekground lay a piece of blue paper. Look at 
it steadily for a few secondB, and then suddenly remove it. In Jls 
place will appear the image of the paper, but colored yellow. It is 
the tifler-iiiuige. If any other color in the circle be taken, the after- 
image will be the eolor that stands opposite. The osplanatlon is 
that when we look at blue for a time the eye becomes fatigued by 
this color, while it is fully susceptible tu the others. So when it is 
brought to look at white, which is a compound of yellow and blue, 
it receives a vivid impression of the former and a faint one of the 
latter. 
What is the effect of tnixing colors T 

Mit'^l evlors are those produced by the combination of two or 
more colors. If green is mised with red in varying proportions, it 
will produce any of the colors between these two on the diagram. 

Green mixed with violet produces any of the colors between these 
two, and violet and red produce purple. 

So from red, green, and rtWet all possible colors may be con- 
structed. These are called the three primary or /aiidamaital 

There are three points to discriminate in regard to color : It'iil. due 
to a definite refrangibility ; tatiiration, due to a greater or less 
admixture of white light ; and iiitmmtj/, due to amplitude of 
vibration. 

How do pigment colors differ &om prismatic? 

The spectral colors blue and yellow produce white. If, however, 
a chrome-yellow pigment and an ultra-marine blue be mixeil, it 
leiivee green : no white is formed. The reason is that with pigments 
we have a case of subtraction of colors, and not of addition. Let 
the blue solution of copper sulphate be interposed in the path of the 
light which forms a solar spectrum : 'we shall find that the red, 
orange, and yellow rays will be cut out. Interpose a yellow solution 
of bichromate of potash, and the blue and violet rays will be 
absorbed. Both solutions will subtract all the colors except the 
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CanceUed by blue solution, ^ X" G B V. 
yeUow " ROY G^jiY. 
both " ti0XOt)iy* 

Blue ghsa is opaque to yellow light, and is used in testing for 
potassium. 

What is homogeneons light? 

The light from luminous bodies is seldom quite pure ; i, e. it will 
contain more than one color. A homogeneous light is monochro- 
nmtic, haft but one color, and vibrates in one particular wave-length. 
Sodium or common salt in a Bunsen's flame gives a homogeneous 
yellow light of great purity. 

Glass colored with suboxide of copper absorbs nearly all rays but 
the red. A nearly pure blue comes from transmitting ordinary light 
through an ammoniacal solution of CUSO4. 

What are the properties of the spectrum? 

It has luminous effects; 
It has heating effects; 
It has chemical effects. 

Luminous. — ^The greatest intensity of light is in the yellow part 
of the spectrum, and the least in the violet. 

Heating Effects.— By moving Melloni's thermo-multiplier from 
the violet end of the spectrum to the other, a higher T. will be 
noted as the red is approached. With a prism of crown glass the 
maximum T. is in the middle of the red, but it varies somewhat 
with the nature of the prism. 

The heating effects go beyond the visible red, and these invisible 
rays are called atlorific. or ultra-red, rays. They have longer wave- 
lengths than the luminous rays. 

Chemical Effects. — Light acts as a chemical agent on many sub- 
stances. It blackens chloride of silver. A paper wet with this 
solution suffers no change in the dark, but exposed to the spectrum 
it is turned black unevenly. The change is slowest in the red, but 
increases till a maximum is reached in the first part of the violet 
It ceases beyond the visible limit of the violet. 

These ultra-violet rays are more refrangible and of shorter wave- 
length than the luminous rays. They are called chemical or actinic 
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rays. If we call the whole length of the visible and invisible spec- 
trum 14 in., the actinic part will be 3 in. long, the luminous part 
1 in., and the thermic part 10 in. So we see only about ^ of the 
whole spectrum. 

Iodine and bisulphide of carbon are opaque to the light part of 
the spectrum, but not to the heat or chemical action. A reddish- 
yellow light or glass colored with oxide of Cu is opaque to chemical 
rays, and useful in the photographer's "dark closet." A solution 
of alum and water is opaque to heat rays. A capsule of alum-water 
prevents the burning of the specimen in powerful microscopes. 

"What are Fraunhofer's lines? 

Rays are wanting for several grades of refrangibility, and through- 
out the luminous solar spectrum a number of black lines are seen, 
rihis only occurs when the spectrum is formed through a slit, not if 
a round hole be the aperture. Wollaston first observed these lines 
in 1802. 

Fraunhofer, an optician of Munich, gave a detailed description 
cf them in 1815. He distinguished the most imporUmt by certain 
letters of the alphabet. About 460 have been niai)ped and photo- 
graphed, and are constant for solar light. Brewster and others have 
counted 2000 to 3000. Several supposed to be single have been 
shown to be compound. 

miat is gpectniin analysis? 

No two substances give spectra having the same combination of 
lines. Spectrum analysis consists in determining the presence or 
absence of given substances in a luminous vapor by the i)resence or 
absence of their characteristic lines in the spectrum. Likewise, 
substances present in the solar atmosphere can be determined by 
i^versed lines of the solar spectrum. 

Bansen and Kirchhoff in 1859 were the first to investigate the 
lines of a spectrum with a view of making their observations a 
method of analysis. They found that salts of the same metal when 
volatilized always produced lines identical in color and position, but 
different m color, position, or number for different metals, and that 
^ exceedingly small quantity of the metal is sufficient thus to detect 
its presence. 
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Deicribe tlie ipectroBcopeT 

This b an apparatus devised by tliese men for atndyiiig the apec- 
traiD. The necessities are — a slit, a lens, a pram, and a telescope ; 
otheis aiJd a candle to reflect a scale. The osoa] fbrm consists of 
threi: telescopes mouat^d on a comoHiii foot whose axes conren;c 
toward a prism P of flint glass (Rg. 86). Telescope A is for the 




obxcTvcr, B conducts the light under investigadon, and C gtvea an 
image of a very fine scale by which to measure the rela^ve distances 
of the lines. Tlic rays from light G pass an adjustable slit and fiiil 
on tlio lenses of B, emerge in parallel lines, and strike prism P. 
Tlicy are refracted and dispersed, forming a spectrum, an enlarged 
imago of which is seen by the eye through A. . 

At the end of is placed a mieromHtr, wliich is a photograpliie 
negative on glass of n millimetre scale. The scale is illuminated by 
caudle F, and its rays, made parallel, are reflected by the face of 
the prism, forming an image of the scale in front of that of the 
spectrum. Thus the relative distances of the spectral lines can be 
measured and recorded. 

The spectra of two flames can he compared at the same tjtne— 
one known and one unknown. Kays from the second one are kd- 
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I mitted into B above the other. They come from a flame placed at 

the aide, aud are turned into B hy meana of a right-angled priam. 

The flames are ueually a jet of ordinary fja from a Bunaen'a 

** bonier iti which all the carbon is fiilly burned. Into this jet is 

pOBscd a platinum needle dipped beforehand into a salt of the 

** metal to be studied. 

' * Some metals eannot be thua vaporized. The electric light will 

I not vaporize Fe or Al. It can be done by taking electric sparks be- 

' tireen wires of the metal whose spectrum is required ; best obtained 

Fby a RuhmkoriF's coil. This will vaporize anything, bringing all 
metals under the sphere of spectrum observation. Instead of one 
prism, a troin of pnsnm may be used, increasing dispersion, but 
lessening the illumination. 
What is a direct-vision spectroscope^ 

By combining jirisms, light is not rclractol, but may be decom- 
k posed and produce a spectrum. Two flintr and three crown-glass 
' prisma are placed in a single brass tube which moves in a second 
t one. At one end is nn adjustable slit, focusing upon which is an 

• achromatic lens between the slit and the prisms. The spectrum is 

I viewed from the opposite end. 
What are some of the discoveries by the spectroscope T 

(A Na spectrum contains neither red, orjngc, green, blue, nor 
violet, bnt is marked by a very brilliant yellow line, aftonioao n^h 
I of a grain of Na is enough to produce this yellow line ; so it is very 
k difiicult to avoid its appearance, a little dust in the air producing it, 
■ With the first experiments its omnipresence waa convenient as an 
' established landmark. 

• Whenever a new line is found, not before mapped or recorded, its 
^ invostigatioD may lead to the discovery of a new element. 

Plret after making their instrument Bunsen and Kirchhoff dis- 
B covered in mineral wal<!r rubidium, and then ixaiiimi the former 
k distinguished hy two brilliant dark-red lines, the latter by two blue 

• ones. Then thallium was found independently by Crookes of Eng- 
' land and Iiaray of France, characterized by a single green line. 

Then followed indium and gallium, the former having a line in the 

[O. 

iG character of spectra changes with temperature and pressure. 



^^ttiigc 



176 ESSENTIALS OF PHYSICS. 

Spectra of gases are best obtained by passing an electric spark 
through tubes containing the rarefied gas — viz. through Geissler s 
tubes. 

Mention the kinds of spectra. 

(1) Continuous; 

(2) Bright Une ; 

(3) Dark line ; 

(4) Bright band ; 

(5) Dark band. 

(1 ) All incand^cent solids and liquids give a continuous spectrum ; 
e. g. the candle, kerosene lamp, gas-jet, or electric light The 
incandescent solids in these cases are minute particles of carbon. 

(2) Bright line or discontinuous spectrum is produced hy incan- 
descent gases or vapors. This may be called a positive spectrum. 

(3) The dark line or sun spectrum is produced by the sun, moon, 
planets, and fixed stars. It may be called absorption or negative 
spectrum. 

(4) The bright or positive-hand spectrum is given by comets and 
nebulae. 

(5) The darh or negative-hand spectrum is formed by substances 
of animal chemistry, as blood, albumin; also by wine, beer, and 
salts of didymium. Useful in physiology and pathology and medico- 
legal investigations. 

What is the explanation of the dark lines of the solar spec- 
tmm? 

In front of an electric light let there be placed a fiame colored 
with Na, and let rays from both lights enter the spectroscope. 
Where we would expect the yellow bright line of Na is found a 
dark line. In the same way, if the electric light traverse vapors of 
K or Ba, the bright lines which they would have produced are 
replaced by dark ones; hence the name absorption spectra. It 
appears that the vapors of certain substances quench or absorb the 
very same rays which they are capable of emitting. The Na vapor 
absorbs from white light those rajrs having the same refraDgibility 
as its own; others pass unchanged. It is here made poBsiUe to 
apply spectrum analysis to astronomy. 
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Four hundred and fifty bright lines of Fe are known. Kirchhoff 
found by direct comparison that the bright lines which characterize 
Fe correspond to dark lines in the solar spectrum. He found the 
same to be the case for Na, Mg, Ca, Cu, Ni, H, and others. 

We may draw important conclusions with regard to the constitu- 
tion of the sun. Since solar spectra have dark lines where Fe, Na, 
etc. give bright ones, it is probable that around the body of the sun 
is a vaporous envelope which, like the Na flame in the experiment, 
absorbs those rays from the body of the sun which the envelope 
itself is capable of emitting. This vapor contains the metals Fe, 
Na, etc. 

One of the triumphs of spectrum analysis has been the discovery 
of the nature of the sun's flames or protuberances : they sometimes 
shoot up 70,000 miles high. The eclipse of 1868 was especially 
studied for this purpose. Draper found that the sun's vapor con- 
tained free O and H. Steam can be passed through a red-hot 
platinum tube, and and H will pass out the other end, and yet 
not be water. This is called dissociation^ and these two gases are 
present in that way in the sun's vapor. These protuberances can 
now be investigated at any time without waiting for an eclipse. 
Draper concluded that the sun's spectrum was partly bright line and 
partly dark line. White light comes from the solid interior of the 
sun, and a bright-line spectrum from its envelope. The combination 
gives a dark line. He also thinks that sunlight is blue really, but a 
certain portion is filtered out and gives us white. 

The bright-band spectra are hardly exi)laiiial)le, but probably come 
fr«)m an incandescent gas. Comets have bright bands rather than 
I nes, perhaps from rapid motion. The star Sirius has great velocity 
and gives a bright-band spectrum. It has been thought that all 
nebulaa were stars, but the spectroscope does not show it. 

What is fluorescence? 

Fluorescence is that property which some substances have of 
appearing colored blue when viewed in reflected light, and colorless 
when seen by transmitted light. By placing a vessel of quinine 
sulphate solution in different parts of the spectrum, beyond the 
violet end, rays of a beautiful blue color can be seen. The usually 
invisible ultra-violet rays have changed their refrangibility., have 
12 
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lessened their vibration speed, and toned down so we can see them. 
This property is confined ahnost wholly to the violet end of the 
spectrum. 

What ifl chromatic aberration and its remedy? 

As lenses are made up of a series of prisms with infinitely small 
faces, it is easy to see that a lens not only refracts light, but decom- 
poses it like a prism, giving images with colored edges. This defect 
is due to the unequal refrangibility of simple colors, and is called 
chromatic aberration. There is really a distinct focus for each color: 
the violet rajrs, being most refrangible, find a focus nearer the lens 
than the red ones do. 

Achromatism is the term applied to the phenomena of refiraction 
of light without decomposition. By combining prisms of different 
refracting angles and of equal dispersive powers the disperedon of 
each is neutralized and the refraction not destroyed. 

The base of one prism is applied to the apex of the other, so that 
dispersion takes place in contrary directions and is made nil. 

How are achromatic lenses made? 

They are made of two lenses cemented together, whose dispersion 
is equal and neutralized. The substances of which they are made 
have unequal dispersive powers, and so the two need not be of the 
same size and shape. One is a meniscus of fiint glass of small an- 
gle, and the other a double convex lens of crown glass of large 
anple. Several lenses or prisms may be necessary to obtain perfect 
achromatism. 



CHAPTER XVn. 
OPTICAL INSTRUMENTS. 



What are the optical instruments? 

An optical instrument is a combination of lenses or of lenses and 
mirrors. There are three classes : 

(1) Microscopes; 

(2) Telescopes; 

(3) Instruments of projection. 
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The two tbnuer yield virtual iniageB, the latter in general give real 

images. 

What is the principle of the simple microscope t 

The Biui|)le mioroscoiie or luagnilying-ftlaaB la uierely a ponveu 
lens of short focal length. Tliii object ia placed belweeii the lens 
ami itx priuL'ipal focus, and the image is erect, virtual, and magni- 
fied, as in Fig. SO. The image is larger the nearer the object ia to 
the focuB. 

Fucusing is finding the distance of most distinet vision. Spher- 
ical aberration may be corrected by using two pluno-coiives lenses 
instaad of one double convex, called WoUunfouH duuiilet. 
What is the principle of a compotmd mioroBoope} 

In its simplest form it coBsistK uf two condensing lenses, one with 
a short focus placed near the object, called the oigect-glujis or olgtctkc, 
anil the other, which is leas condensing, ie the eye-piece ut power, 
being closed to the observer's eye. The object A B (Fig. 87) is 




placed a tittle beyond the iirincipal focus of M. A real, inverted, 
and somewhat magnified image is formed at n h, which is between 
N and its focus F. So N produces the same effect on this image as 
a simple microscope would upon an object. It produces a' h', vir- 
tual and still more magnified, and inverted in regard to the o1:yeoL 
A compound microscope is nothing more than a edmple one 
applied, not to the object, but to its image, already magnified by the 
first lens. 

Focusing is accomplished by changing the distance between the 
objective and the object, the distance between the eye-piece and the 
objeet-glaas remaining the same. With telescopes, where objects are 
iaaouessible, focusing is effected by varying the distance between 
the eye-piece and the objective. 

Good mieroaoopes have combinations of lenaea fit vka 
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of spherical and chromatic aberration and for the production of high 
and low magnifying powers. 

A binocular microscope is made with two barrels and two eye- 
pieces, but is not very practical for high powers. 

It is not necessaiy here to describe the various mechanisms and 
accessories of a first-class microscope, the methods of illumination, 
the different kinds of stages, of stands, and of lenses. 

How is magnifying power determined? 

The measure of magnification is the ratio of the apparent diam- 
eter of the image to that of the object This is linear magnifica- 
tion, and the superficial or whole measure of area is the square of 
the linear, for the area of a circle varies as the square of its diameter. 
If an object is magnified 40 diameters, its superficial magnification 
is 1600. 

In a compound microscope the magnifying power is the product 
of the respective magnifying powers of the objective and of the eye- 
piece. If the first magnifies 20 diam., and the second 10, the total 
is 200. 

A power of 1500 diam. has been obtained, but it ought not to 
exceed 500 or 600 to obtain well-illuminated images. This gives a 
superficial enlargement of 250,000 to 360,000 times that of the ob- 
ject. The power is obtained experimentally by placing a micrometer 
in front of the object-glass, and reflecting the image of its lines upon 
a screen upon which is another scale of millimetres. By comparing 
the two the magnifying power is deduced. 

The absolute magnitude of objects can also be found. Since the 
magnifying power is the quotient of the size of the image by the 
size of the object, it follows that if we divide the size of the image 
by the magnifying power, we have the size of the object. 

T., size of image o« !• i.« j. size o f image 

Mag. power = - — o-^.' Size of object = ^* 

size 01 object mag. power 

Telescopes. 

Describe the astronomical telescope. 

Like the microscope, it consists of a condensing eye-piece and 
object-glass. The object-glass M (Fig. 88) forms between the eye- 
piece N ""'^ the focus of N an inverted image of the heavenly body. 
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The eye-piece, anting as a simple microscope, gives a. virtual aiid 
highly magnified image of <i h at a' h'. 

The ^instruction is siuiilor to that of the compound micmscope, 
but with thie difierenoe. lu the microscopo both object-glass and 




eye-piece magnify ; in the teli'scopc there is no magnification except 
by ihe eye-piece, which ahoiild be of very short focal length. 

A smaller telescope, called ^hajaiditr^ is placed alnve the larger one, 
having a large field of view. For accurate observations of transits, 
etc., two hair linet or spider threads at right angles to each other 
are stretched across a circular aperture inside the tube. The object- 
gtaSK is as large as possible, so as to collect a great deal of light from 
Ihe distant object. The Clarks of Cambridge, Mass. , are now making 
one for Russia four feet in diameter, the largest in the world. It 
requires several years to make one — great care and skill and empir- 
ical grinding. Telescopes are of such power that a ball 2 in. in 
diameter and 250 miles distant ia distinetly visible if properly illu- 
minated. 

Describe the terrestrial telescope. 

The simple microscope gives an cret-t image ; the compound micro- 
scope and the astronomical telescope give inverted images, but the 
terrestrial telescope must have erect images. This is effected by two 
condensing lenses placed between the object-glass and eye-piece. 
The distance between these two remains constant. The inverted 
image is reinverted. and as such is magnified by the eye-piece. 
What ii the oonstmction of the opera-glass and Galileo's tele- 

B ia the simplest ttiJescope of all, having only two l« 




cbJect-gluB and & dlvL-rgini; double iimi^ve eye-piM-e. It i 

t ima^c. 0|ieTH-gliiBe)(« have tho same comlHiiaM). I 
riio c]'i>-pi(Nv is at) iikued Lliat the iniage I'urmed by the ulijcctire 
*ualil fall hi-hinil il, ne at a h (Fig. H'J). But the nys arc nbMd 




luaguifii'ii !tn<l eiwi 
ftl. <i' '/. This Wiu llie lirHt idc-noulX' Oirwted towjird iho liCKveiis, 
tiii<l by it fJalilcn disnivered ibu spurs on ihe sun, the momiiwnaof 
tin: 1IIOIIII, mill Jupilcr's suloUili^. 
What il tbe pmoiple of the chief refleoting telescopn t 

The «lx»vo iiro rr/ntrtlao U-lt^teapcB. but before aelirumatic Imim 
went knuwn the old Htylc vitrti reflrtiinu telcscopva, a concave mebiUit 
initTiir \iK\ng used instead of the iibjeet-^hisB. 

Oiri/orj/'t letetaiiH: conHisted of n lung tube doseii at the obscrmr't 
end by a hirgu ciiiHiuve mirror with an aperture in it. Rtiys were 
rcllucttsd from thio outward upon a seeonil small mirror, thence buk 
Ui the eye again at the aperture, ihuB truveisinK the tube tliree timO' 

A'fwion's idmaipt is siniilar. The large mirror is not |ierfonilo>l. 
but throws its rays upon a small mirror at an augle of 45°, which in 
turn sends the reflected rays toward an eye-piece situated in the aide 
of the tube and not at the end. 

HencAeTs trfficnpf- has been a celebrated instnimenL The mi 
here is inclined, eo that the iiuairc is forniixl on tlie lower side of I 
tube at the outer end. The light enters the tube over the obeervei'q 
head, anil is reflected back to him from the opposite closed e 
This is Afront-viaE Icleecopc, and gives better illumination than 
other reflecting ones. Herschel's great telescope was constructed i 
1T8',», and was 4l) feet long. 

Instruinents of Projection, for Forming Pictures i 
Objects. 

I fibiCKrii hue already been described. (See Rg. 5%m 
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It was a t«y until the photographers brought it out. The iuverted 
imsse ia formed upon a aenaitizud plale, the wya producing chem- 
ical action, and a picture ie obtmned. 

The camera lucida is a small instrument depending on internal 
reflection, and used for tracing the outlines of an object. 

Describe the magic lantemT 

This is an apparatus by which a magnified image of a small object 
may be projected on a screen in a dark mom. It in also called stere- 
iqiHrxiii and megatcope^ and is really a reversed camera obscura. The 
light generally used is the Drummond light, where a flame from an 
osyhydrogen blowpipe is directed iigainst a atiek of lime, and raises 
it to a white heat. The electric light may be used. This light is in 




the focus of a concave mirror situated posteriorly, which rcficcta the 
raj-B upon two plano-convex lenses at C (Fig. 90). 

They illuminate a figure painted or photographed upon a glass 
sliile at D. In front, upon a sliding piece at E. are two projecting 
convex lenscB which produce a real, magnified, and inverted imago 
on a distant screen. Of course the slide must be put in place 
inverted ; then the image on the screen is erect, or it is corrected by 
a prism placed in front of E, Generally a bundle of glass plates is 
used in connection with the condensing lenacs to give polarised light. 
Dunalvini/ vieia are produced by two lantemH, which throw iheir 
imagea on the same spot. As the shade is raised from the lens of 
one it is lowered in ftxint of the other. 

The tolar microscope is only a magic lantern illuminated by the 
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sun's rays regulated by the heliostat. It is used in a dark room, 
with the sunlight admitted through a shutter. 



CHAPTER XVm. 
PHOTOaRAPHY. 



What is photography and its history up to Dagnerre? 

Photography is the art of tixiug the images of the camera obscura 
on substances sensitive to light. 

That light produces chemical changes is well known in the fading 
of coloi-s or seen by the chemx-al combination of H and CI gas. All 
salts of silver are affected by light, especially by the ultra-violet 
rays. 

Scheele, who discovered 0, really discovered photography, and 
made some observations in 1777. Watt and Bolton in 1792 even 
made a few pictures, but Thomas Wedgewood in 1802 is known as 
the first man to take a picture. He and Davy put an opaque object 
upon a silver-chloride paper and exposed it to the sun. They got a 
white picture on a dark ground, but didn't know how to prevent the 
further action of light, and had to look at their pictures by candle- 
light. 

Tn 1813, Niepce started out for success. His idea was something 
like that of an etching. Asphalt is soluble in various oils, but if 
exposed to a strong light Niepce found it was insoluble in oil of tur- 
pentine and oil of lavender. So he coated a Cu plate with varnish 
of asphalt or bitumen, exposed it to the object in strong light, and 
afterward washed off the soluble parts by oil of lavender. This gave 
a permanent image, a sort of heliograph. 

Describe Dagnerre's process. 

Daguerre worked with Niepce and made a success in 1839. He 
used silver salts, and not asphalt. When the news came to this 
country that a new photographic process was discovered, scientists 
were slow to believe, as they had already been hoaxed by young 
Herschel's telescope. This was in 1835. John W. Draper of New 
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York, with a few hints from the other side, really reinvented 
daguerrotypes, and made better pictures than Daguerre ever did. 
Barnard took it up after Draper. 

We may here mention the four steps necessary for the production 
of any permanent picture; Daguerre found them out partly by 
accident : 

(1) Sensitize the plate ; 

(2) Expose the plate in camera ; 

(3) Develop the picture ; 

(4) Fix the picture. 

Daguerre in (1) used a well-polished Cu plate coated with Ag. 
It was then exposed to iodine vapor, forming a layer of sensitive 
iodide of silver. (2) Next it was exposed in the camera, which had 
a large aperture. This exposure required 15 or 20 minutes, but 
was afterward reduced to 1 or 2 minutes by using accelerators in 
the iodide of silver, such as Br or hypobromite of Ca. (3) Next 
it had to be developed in a red or red-yellow light — i. e. light fi^e 
from actinic rays. The plate is exposed to Hg vapor, which metal 
is deposited on the silver salt, most acted upon by the light, in form 
of globules imperceptible to the eye. The shadows or those parts 
least acted on are still covered with iodide of silver. This super- 
fluous iodide is washed away in step (4) by hyposulphite of soda or 
common salt solution. This does not affect the metallic Hg, so the 
light parts of the image are Hg, and the shaded is the Cu plate, 
which still retains its lustre. 

The first radical improvement was made here in America by "ton- 
ing " the picture with a solution of chloride of gold. 

What is a Talbot-type ? 

Fox Talbot of England gave the first idea of a negative. A nega- 
tive is an image, usually on glass or paper, with reversed tints and a 
lateral displacement. The light parts of the object are dark on the 
negative, and vice versd. They serve to produce a positive^ which 
gives the natural lights, shades, and position. Talbot made waxed- 
paper negatives. He used iodide of potash on the paper and floated 
it in silver nitrate solution. It was then exposed, and next brushed 
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over with acetic and gallic acid, which fixed metallic silver on the 
parts most acted upon by light. It was then waxed. 

An improvement on this method was to wax the paper before the 
picture was taken. 

Describe the collodion or wet-plate process. 

Scott Archer in 1851 used collodion on a glass plate as a vehicle 
for sensitive silver salts. Schonbein is noted for discovering ozone 
in 1840 and gun-cotton in 1841. There are three varieties made 
from cellulose by the action of HNOs and H2SO4. 

CigHsoOis is cellulose ; 

H — — NO2 is nitric acid. 



Gun-cotton 



' Ci8H.,3(N02)tOi5 I soluble, 
Ci8H2.2(N02)80i5 J for making collodion. 

. C„H„{NO,),0„ { '°^^'^^^' . 
IB iY\ z/9 « ^ ^gjy explosive. 



So a less explosive kind of gun-cotton is dissolved in alcohol and 
ether, and makes collodion. 

(1) To Sensitize. — Coat one side of a glass plate with collodion 
containing iodide or bromide of cadmium or KI. Plunge the plate 
into a bath of AgNOa, about 30 gr. to the ounce, and sensitive 
iodide of silver is formed : AgNOa + KI = Agl + KNO,. After 
about one minute the plate is taken out, drained, and put in a plate- 
holder. All this is of course done in the dark closet. 

(2) Expose in a camera for one minute, a fraction thereof, or more 
according to light. 

(3) Develop in the dark room by pouring over the plate a solution 
of protosulphate of iron or of pyrogallic acid, which reduces to a 
metallic state those parts of the iodide of silver most acted upon by 
the light: 6AgI + 6FeS04 = 6Ag+2Fe2(S04)3 4 Fejle- When the 
picture is fully brought out, wash with water to stop further devel- 
opment. 

(4) Fix, by dissolving off the Agl not acted on by light. Hypo- 
sulphite of soda does this. Where the shadows of the object were 
no Ag is deposited, and this part is left light. Wash well with 
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water to remove all "hypo;" dry and then varnish for preserva- 
tion. 

Pictures taken on tin are silver on a black surface, called tintypes, 
ambrotypes, or ferrotypes. They are positives. 

So we have considered Niepce with his asphalt pictures, Daguerre 
with Hg. pictures on Cu, Talbot with paper negatives waxed, and 
Archer with collodion wet plates or negatives on glass. 

What is the dry plate ? 

The wet plates are now wholly given up for dry plates. An emul- 
sion is made of gelatin and bromide of sDver. Sometimes albumin, 
collodion, honey, or glycerin is used for the vehicle. The emulsion 
is heated for 45 minutes ; then strained and cooled and applied to 
glass plates of various sizes. These are packed by the dozen in 
boxes secure from light, and shipped all over the world to be used 
by the professional artist or the enthusiastic amateur. The sensi- 
tiveness of such emulsion is wonderful, and it is made of different 
degrees. Through an aperture of -^o in. a picture may be taken in 
^^tra sec. portraying unheard-of attitudes of trotting horses, jump- 
ing men, or flying birds. 

Instead of coating glass with this sensitive gelatin, paper may be 
so treated, which has to be "stripped off" after the picture is de- 
veloped. 

Within two years a most perfect backing has been found in trans- 
parent celluloid. This is sold in long rolls called ^/m«, and used on 
a roll-holder in the back of the camera, and exposed in sections. 

Photographs may be taken by electric or Mg light, as they possess 
actinic rays. 

Can colors be photographed? 

Orthochromatic plates which contain eosin are not merely sensi- 
tive to the ultra-violet rays ; with these plates yellow objects, instead 
of appearing black, or blue objects appearing white, will appear in 
their true relation of brightness to one another, but not in color. 
This spring Prof. Lippman of the French Institute is said to have 
photographed colors and taken pictures of the spectrum. He finds 
two essentials necessary : ( 1 ) The sensitive substance must be spread 
in a state of almost infinite subdivision in a transparent vehicle^ q& 
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gelatin, albumin, etc. (2) The sensitive plate must be placed on 
the back of a reflecting surface. During exposure it is fixed in a 
carrier containing Hg which forms a plane mirror in contact with the 
plate. The whole secret lies in the Hg mirror, which changes the 
wave-lengths of the different colors and allows them to be repro- 
duced. If successful, this will be one of the great advances of the 
age. 

How are composite pictures taken? 

These are obtained by getting the images of a number of photo- 
graphs on a plate at the same spot, and then developing. 

What is photo-micrography ? 

This is the process of taking pictures of microscopic objects. A 
micro-photograph means a microscopic photograph, one so small 
that it cannot be seen by the unaided eye. The same photo-micro- 
graph cannot have high magnification, distinctness, and good illu- 
mination ; one or the other has to be sacrificed. If not perfect, 
they are useful as guides and a basis for drawings. 

For light there is nothing equal to sunlight introduced through 
a shutter, concentrated by a lens, and kept constant by a heliostat. 
With orthochromatic plates and sunlight the exposure need be only 
1 or 2 sees. Almost as good pictures can be taken by artificial light 
from a series of five or six gas-jets arranged tandem and focused on 
the specimen by a reflector 

This way was devised by Dr. Sternberg : A sheet of asbestos with 
a central aperture is placed between the lights and the microscope, 
to ward off" too great heat. Use any good microscope whose tube 
can be placed horizontally. The eye-piece and end of the tube are 
placed in a blackened funnel which enters a camera with a long bel- 
lows. First focus the microscope on a certain part of the specimen ; 
its real and magnified image is caught on the ground-glass back of 
the camera, and the microscope has again to be focused. 

The farther the back is from the eye-piece the greater the 
diameter of the picture. Exposure may have to be 5, or even 1 0, 
minutes with artificial light. 

How are positives made? 

When once a negative is obtained, it may be used for printing an 
indefinite number of positives. To make silver prints^ albumin- 
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paper is used impregnated with NaCl and AgNOj — i. e. with AgCl. 
This paper is sold in large sheets or in packages, and is placed upon 
the film side of the negative. Plate and paper are then placed in a 
printing frame, and that in the sun, so that sunlight passes through 
the glass and strikes the paper. 

The nearly transparent parts of the negative let much light 
through, and give dark shadows on the print, and so the natural 
lights and shadows of the original are returned. The prints are 
toned with Au CI3, and fixed with " hypo," just as a negative was, 
otherwise they become black. They then should be washed several 
hours in running water, dried, trimmed, and mounted on card- 
boards. 

Blve prints are good for machinery, architecture, or landscapes. 
The paper is impregnated with ferrocyanide of potassium and citrate 
of iron and ammonium. After printing they are simply soaked in 
water and then dried. 

Bromide prints are used for enlargements. 

Platinum prints are very beautiM. Paper charged with ferric 
oxalate is printed, and then developed by a platinum salt. There 
are also uranium prints, red prints, black prints, etc. 

What is the axtotype or Lambett-type ? 

A mixture of charcoal and gelatin is made, called carbon tissue, 
which is insensitive to light. This is sponged over with bichromate 
of potassium and exposed with the wetted negative. upon it. The 
light strikes through the transparent part of the negative and makes 
the gelatin insoluble. The rest of the gelatin and carbon not acted 
on by the light can be washed off. This gives a positive called arto- 
type (also written autotype) or gelatin transfer. 

What are the different processes for making negatives ? 

(1) Talbot-type, paper negative waxed; 

(2) Waxed-paper process ; 

(3) Albumin on glass ; 

(4) Wet-plate collodion; 

(5) Dry plates and films ; 

gelatin emulsion, 
collodion emulsion, etc. 
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used of two kinds-a thick, and a thin one giving half ton^ and 
tints. The heUotype is only the thin gelatin film removed. Old 
etchings may be reproduced in this way. 

Silicate of soda with the gelatin preparation is more available for 
the printer's ink. 
^ The photo-lithograph is made by drawing a picture on limestone 
with crayon. Wet it with gum-water, which the stone absorbs 
where there is no crayon. Lay a paper on the stone and put it in 
the press, and you have a stone picture on paper. Get a negative 
from a steel engraving, then a transfer on paper, and that on stone, 
and then we can print 1200 per hour. Or a gelatin relief is made 
from the negative, and from that a plaster of Paris cast, into which 
type-metal is poured. Knock off the plaster, and reproductions are 
printed from the tj^e-metal. 

Photo-electrotyping does not apply to the human face — ^must have 
distinct lines. First get a gelatin relief from a negative, which is 
impressed on wax, and the wax mould is electroplated. (See p. 280.) 
Further descriptions must be sought in special works on these 
subjects. 

I would here urge the importance of the photographic art to the 
medical man. A picture ** before and after " tells much more than 
a word picture, and is exact. Lip motion is photographed for the 
study of deaf-mutes. Any one can readily learn the whole process 
without an instructor, and can take good pictures of anything or 
anybody with an outfit costing $35 to $50. I refer to cameras with 
a stand or tripod. Be enthusiastic, but not a fiend. 



CHAPTER XIX. 

THE EYE.— SOURCES OP LIGHT. 

Describe the optical apparatus of the eye. 

The ej'eball measures about 1 in. transversely and .96 in. vertically 
and antero-posteriorly. The optic nerve emerges from it yV i"- ^ *^he 
nasal side of the median line. It consists of three concentric coats 
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and of certain fluid and solid media enclosed by them : (1 ) An exter- 
nal fibrous covering, the sclerotic and cornea. They are segments of 
two spheres : the cornea is anterior, transparent, prominent, and i as 
large as the posterior, which is opaque and has a large radius of cur 
vature. (2) A middle vascular, pigmented, and partly muscular coat, 
the choroid and iris. (3) An internal nervous stratum, the retina. 
A fourth may be mentioned internal to these, the hyaloid membrane, 
which surrounds the vitreous humor. 

The refracting media are four: the cornea, the aqueous humor, the 
crystalline lens, the vitreous body, from before backward. 

The iris is an annular diaphragm placed in front of the lens, like a 
photographer's ''stop." It is self-regulating, having control over 
the quantity of light admitted, and correcting spherical aberration. 
Its aperture varies from t& to i i"- in diameter. 

The choroid contains black pigment, like the inside of a camera, 
and absorbs all rays not intended to co-operate in vision. If this 
pigment is not present, it is usually lacking in other parts of the 
body, constituting an albino. Here the eyelids are constantly blink- 
ing in the endeavor to replace the protection of the pigment. 

Tlie back screen of the eye is the retina on which images are made 
and thence conveyed as sensations to the brain. The essential parts 
are the rods and cones situated near the external surface of the ret- 
ina, and most sensitive in the fovea centralis^ which depression is in 
the centre of the yellow spot in the direct axis of vision. The blind 
spot is where the optic nerve emerges. 

The crystalline lens is doubly convex, being more so posteriorly, 
and is made up of concentric layers of different refractive powers. 
It is much more refractive than any artificial lens could be. 

Show the path of rays in the eye. 

The rays are refracted at the cornea, both by its density and con- 
vexity. The aqueous and vitreous humors have but little more 
refractive power than water, and are useful to preserve the shape 
of the ej^eball. The lens need alone be considered (Fig. 91). First 
draw the secondary axes. The rays from A meet their secondary 
axis at a and the image of B is at Z>, thus giving a curved inverted 
image on the retina. 

Tlie image formed by a convex lens is alwa^'s curved, and in order 
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Eistinet at tlie edges should be received on a curved Bcreen. It 
■rted on a flat one, as in the uaniera. The image is inverted, 
be actually aeen in an eye remuveJ t'rum a white rabbit or 
albino. Tliere aru many theories to explain why it is we do not see 
^'inverted images of uhjccts. The t^hicf difficulty in explanation eeetuB 




to have arisen from the conception that the mind or brain is some- 
thing behind the eye, and looking into it and seeing the image ; 
whereas the Jmnge simply eanaes a. stimulation of the optic nerve, 
whioh i)roduccs some molecular change in some part of the brain. 
Tlie brain is only cunacious of this change, and not of the image nor 
of itfl relative position. By sense of touuh the mind learns from the 
first to associate these retinal sensutiuna with a einreet position <rf' the 
object. 



How is accommodation effected 1 

Accommodation means the changes which occur in the eye to fit 
it fur seeing objects at different distances, Tn the camera we had a 
fixed lens and a movable screen ; here we have a filed screen and a 
movable lens. 

The crystalline lens varies ila refractive powers by changing its 
convesity. When completely at rest it is adapted for seeing long 
distances, and we experience no effort. In attempting to see a near 
object we experience a muscular effort. The ciliary rausele pulls for- 
ward the choroid coat, t« which is attached the suspensory ligament 
of the lens. Usually this ligament is tense and compresses the an- 
terior surface of the lens and flattens it. When it is relaxed by the 
dliarj- muaele the lens bulges or booomea more conves by its own 
elasticity. If this elasticity is lost, then there is no accommodation 
for near objects. 
13 
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f accommod&tioii, and how are they 



What are the defecta c 
corrected t 

Fig. 'J2 shows the lens focusing parallel mya upon the retina, 
eye that does this is a normal or emmetropic eye. 



f 




I 



Fig. 93 represents & case of kf/permetropia, a condition often oo- i 

curring in old people, where it 5s called prk^bgopin. The eye is t4x> I 
short and tLe lens is too fiat, and the focus falls behind the retina. 

It, is far tight ; only distant olgects can be seen well, and near ones I 

hardly at all. The remedy is to add another lens to help the crya- I 
talline— via. wear double convex or plano-convex glasses. 

Fig. 94 Is myopia or »hort sight. The eye is too long and the lena •! 

too conves, so the focuB falls short of the retina. Divergent raya I 

ftom a near ohjeot vill fall on the retina. The remedy is t« wear I 
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doable concave or pkuo-concave glaaaes, which diverge ihe rays ho 
that they do not <wnie to a focus too soon. 

The little numbers engraved on glasses express their foval length 
in inches. The nunuul eye has a Focal length of 10 (u 12 in. 

AxtigmalUin is a defect due to greater curvature of the eye in one 
meridian than in others ; it is generally seated in the cornea. Ver- 
tical and horizontal lines crossing each other caonot both be focused 
Bt once. The remedy is the use of cylindrical glasses—/, c. eun'ed in 
only one direction. 

Spheriaal ahevratmn va eorreoted by the iria. Chromatk iiberra~ 
(ion is present ta a slight extenL 

Xi there a persistence of ylBnal impressions on the letinftT 

This peraiatence is niiti.'d when we nuiidly swing a live coal: it 
appears like a circle oi &re. The individual teeth of a rapidly- 
moving saw cannot be seen. If in ii dark night a moving railroad 
train be illuminated by a flasli of lightning, it appears at a stand- 
still, for there was not time for the object to assume two different 
jiositions during the flash. The length of time for the peraisCence 
of an impression is variously stated as from ^ to i see. The Me- 
lr<)|]e, or wheel of life, and other apparatus are founded on this 
principle. 

What ia color blindnesB or acbromatops;? 

This is an inabdity to distinguish certain colore. It is also called 
Daltonism. This is of the utmost importance to railroad employ^ts 
and a variety of public servants. The defect is found in about one 
out of twenty, ia more comnfon in men, is congenital, and seems to 
be hereditary. 

The most common kind is red blindness, where there is a difBculty 
in distinguishing red from green. Cherries and the leaves of the 
tree have nearly the same hue, and the fruit is distinguished more 
by Its form than by its color. The osplunation is that the elements 
of the retina which receive the impressions of red are absent or 
poorly developed. There is also a green and a violet blindness. 

What is visiial purple ? 

The change effected by light upon the retina may possibly be a 
chemical one. A certain reddish -purple pigmentation hik& Wiu^^v^jiA 
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on the retinal rods of some animals. It is destroyed by the act of 
seeing, is reproduced, and destroyed again. A solution of it can be 
obtained from animals killed in the dark. A temporary image may 
be fixed on the retina by soaking it in alum solution. It is called an 
optogram. 

As some animals possess this purple, and other strong-sighted 
ones do not, the theory is not worth much. 

What axe the sources of light? 

(1) Celestial; 

(2) Heat; 

(3) Chemical combination ; 

(4) Electricity; 

(5) Meteoric phenomena ; 

(6) Phosphorescence. 

(1) Light comes from the sun and stars : it is a question whether 
or not the planets emit light or oijly reflect it, as our moon does. 

(2) The great source is heat. When any soUd is raised to 1000® 
F. , it begins to emit light, at first of a red color, then cheny or 
bluish, then white, and then violet. The waves get fast enough to 
become sensible to the eye, first being seen at 33^00 in. wave-length. 

(3) Chemical combinations are seen in the gas-jet or candle-flame, 
which contain solids heated to incandescence. 

(4) In electricity the light is due to heat. A poor conductor, 
whether in a vacuum or not, becomes so hot that it gives (electric) 
light. 

What is phosphorescence and its causes? 

Phosphorescence is the property which some substances have of 
emitting light under certain conditions. They will shine in the dark. 
In the slow oxidation of phosphorus the light is not due to heat 
There are five cnuses of phosphorescence : 

(1) Spontaneous phosphorescence ; 

(2) Elevation of temperature ; 

(3) Mechanical effects; 

(4) Electricity; 

(5) Insolation, exposure to son. 
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(1) Sunflowers show light in the dark, and the more if they arc 
shedding pollen. Fungi, decaying wood, meat, and dead fish have 
this property. The glowworm and firefly seem to have it under the 
control of the will. The sea is often covered with a phosphorescent 
light, probably due to the minute animalcules and to a luminous 
matter emitted by them. An extract has been made from them 
called noctilucin. It is claimed to be the essence of the phenomena. 
Powdered oyster-shells, mixed with S or Sb^Sa or AsjSs and boiled, 
make a luminous paint, good for a guide to the matchbox. 

(2) Certain diamonds, and particularly chlorophane, a kind of 
fluor-spar, when heated to 300° or 400° C. suddenly emit a greenish- 
blue light. 

(3) Mechanical effects like friction, percussion, or cleavage pro- 
duce phosphorescence. It occurs when quartz is rubbed together 
or a lump of sugar broken, and in some processes of crystallization. 

(4) By electricity, as seen by the friction of Hg against the sides 
of the barometric tube. 

(5) Some substances exposed to light seem to get a charge of it, 
and then to give it off" gradually. Perhaps it is due to bacteria. 
The sulphides of calcium and strontium show this, being luminous 
for thirty hours. Dry paper, silk, sugar, amber, and the teeth show 
it also. 



CHAPTER XX. 



DOUBLE REPRA0TION.-INTEEFEREN0E.-POLAR- 

IZATION. 

What is double refraction? 

Certain crystals possess a property by virtue of which a single 
incident ray in passing through them is divided into two, or is 
bifrircated, so that an object appears double. 

Iceland spar, or calcite, CaCOa, possesses this property most 
remarkably, and it belongs to crj^stals not belonging to the cubical 
or monometric* system. Bodies which crystallize in this system, 

* " Monometric '' refers to crystals with axes eqaal or of one kind. 
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and those which do not cr^'stallize at all, like glass, have no donble 
refraction. It may be imparted to glass by putting it under unequal 
pressure or by cooling it quickly after being heated, when it is said to 
be unannealed. The explanation of double refraction is that the 
ether in doubly-refracting bodies is not equally elastic in all directions, 
so that the vibrations are transmitted with unequal velocities. This 
hypothesis would seem to be confirmed by the way in which glass 
acts under pressure. 

What is an uniaxial crystal? 

In all doubly-refracting crystals there is one direction, sometimes 
two, through which the incident ray is not bifrircated, and through 
which a point looked at does not appear double. The line fixing 
this direction is the optic axis, and if the crystal contains but one, it 
is uniaxial; if two, it is biaxial. In case of Iceland spar the optic 
axis is a line connecting the opposite obtuse angles of the crystal 

What are the two rays called? 

Of the two rays into which the incident one is divided, one is the 
ordinary and the other the extraordinary ray, producing also ordi- 
nary and extraordinary images. The former follows the laws of sin- 
gle refraction, the latter does not. 

In viewing an object beneath a crystal of Iceland spar, and by 
rotating the crystal, the ordinary image will stay fixed, while the 
extraordinary one describes a circle around it. A double-image 
prism is made of calcite and glass. 

Explain interference of light. 

The name interference is given to the mutual action which two 
luminous rays exert upon each other when they meet at a very small 
angle. In the shutter of a dark room place two very small apertures 
close together. Close them by red glass for example, so as to get 
homogeneous light, and let these two luminous cones be received on 
a screen. Where they overlap will be seen alternate bands of black 
and red. Close one aperture, and the black bands disappear. In 
explanation it was once thought that light + light ^ darkness. 

Instead of allowing two pencils of light to fall together upon a 
screen, one pencil may be reflected upon the screen from the surfaces 
of two mirrors which are inclined at a very obtuse angle, almost 180®. 



In this case also the bands result from the joint action of two pendla. 
The bands are arranj.'ed symmetrically, with tlm middle one more 
briiliaut than the othens, called t!»! ceiitiiil fringe, (Fig. S5). If 




white light is used, each BCparate color tends to produce a different 
set of dark himds. Tliese seU itre guperimpoBed, do not coincide, 
and are iiluminated by other colors ; so the result is a succession of 
colored handt. 

These phenomena of interference prove the truth of the undula- 
tory theory of light, showing an analogy to the nodes and loops 
formed by sound-waves in air. If the crests correspond, they 
reinforce each other ; if a crest and a trough come together, they 
destroy each otlicr, and in caae of light produce the dark bands. 

Another way of interfereniTe \a Been in thin transparent films of 
all kinds; white light being iised we get colors. In case of soap- 
bubbles the light which strikes the anterior surface is reflected. 
Some enters the film and is reflected trom its poHterior surface, but 
by traversing the 61m twice it has lost ground, and on emerging ita 
phases may or may not correspond with those of the other portion. 
We thns get a. play of colors. Press two tliick pieces of plate glass 
together in a vice, and oilored rin^s, called Newton'* rings, will be 
seeD at the point of greatest pressure. With sunlight the rings ore 
of the difierent spectral colors. The film here ia one of air between 
the plates. Tarnished glass and mica are iridescent from interfer- 
ence. Oil oD water, the metallic oxide on steel, the colors in cracks 
in ice and glass, the changeable colors on feathers or insects' wings, 
are all due to thin films. 

The relative |)Osilions of ihc brifrht and dark bands furnish a 
means for calculating the wave-length of any particular color. 
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A 'iiiri 737 '^^ pn^ineiiiir interference is by diffiraetim and 

jr-iri.t'j:s. Tlie three ways are — 

By rwi) mirPirs indined at a hige aki^ ; 
.1 Br dims : 
i - B«^ tiLl&EaietioB. 

Wlut is dii&mctiim? 

E^^friL'doiL i:: the iiif>ii&Adoa whidk fi^ift undeigoes when it 
r::L>-~t^ :he ai^ of a l>^y. The lamnMiaB rajs ^pear to become 
' *-TiZ md cenetrate the shadows. 

Lee in<:-Q':>«!hr*:'Oiatie li^ht in passing an aperture eroes a razor edge. 
<_>iie I art .: the lamin«jas cone is intercepted. On the screen re- 
oeivin.' rhrr lizht a. tklnt li^ht is seen in the geometrical diadow, and 
ifctjve Liiis. whtre we wijold expect uniform light, is a series of alter- 
cate 'iark in-i l;;rht t-an-L? or fringes. When we watch waves of 
wi:er strike an oh<?tai:le. little secondary waves are formed, radiating 
It- m it and windinj: ar>and behind it. So we may imagine second- 
ary waves of li^ht are venerated at the edges of obstacles, and the 
Un-iinz biehlnd is diffraction. Where the original primaiy waves 
metrt the^e sen-i 'nJarj- ones, lights or shadows are prodoced according 
ai two crest < meet or a crest and a trough. White light will give a 
series of ci.»l«jreii ban^Js : any single light (monochromatic) gives light 
and dark bands. 

What are gratings and their effects? 

When red light passes through a single slit in an opaque body, a 
bright band of red light is seen on the screen, and on either side, 
diminishing in intensity, are other bright bands, separated by dark- 
ness. These marked effects are produced by arranging a series of 
fine wires parallel to each other, or by careful rulings on glass or 
nickel, the latter reflecting the light. These are called gratings, and 
may l>e reproduced by photography. Prof Rowland of Baltimore 
Ikih ruled 4.''>,0r)() lines to the inch. Best results are obtained from 
gratings ruled on spherical instead of on plane surfaces. 

Wlum white light is used with these gratings, a white band is 
WMm on the cc^ntrc of the screen, and on either side of it an isolated 
Hp(!('truni with the violet edges inward. Next to this, and separated 
by a (lark interval, is another spectrum, somewhat broader and fainter, 
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1 follow others, which become iDdlBtinot and overkp each 
oClier. These are all gyinmetriciil with reference tv the central band. 

Such spectra are called interference or diffrnctwn spectra, and for 
Bciciitific purposes are preferable to prismatic spectra, though only 
one-tenth as bright^ 

The colors are here imifurmly distributed uceording lu their wave- 
lengths. In the prismatic spectra the red rays were concentrated 
and the violet ones dispersed. 

Diffraction spectra also give the largest number of dark lines, mid 
iu their eiact relative positions. 
What is polarized li^ht? 

Pfjlarizod light is light vibrating in one plane. Ordinary light vi- 
brates in every plane, and the crosa-seution of a ray miKht be repre- 
sented by A of Fig. 96. For convenience, any motion may be con- 




^ 



fiidereil ,ia produi'ed by two fiircB,'* ill riglit atidt'S to ftuli oilier ; so 

ordinury light may be regarded as vibrating in two sct^ of planes, as 

in It, and when it is polarized it vibrates in only one of these planes, 

asinC. 

Wliat are the ways by which light may be polarized ? 

(1) By abfiorplion, (imrmaliiie crj-stala; 

(2) By reflection ; 

(3) By aingle reiWtiDn; 

(4) By double refraction. 

(I ) Tourmaline has the property of absorbing or of being opaque 
to all the planes but one. Cut two slices of this miuenil in planes 
parallel with the lung axis ; when ihey are similarly placed an object 
can he seen through them both. But if one tourmaline be rotated, 
the otyect gete dimmer, and when the rotating slice is at right angles 
to the first, it disapiHars. Al each quarter revolution it disappears 
is rmored. So it seems that light which has passed one Liaiwi- 
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parent tourmaline differs so much from ordinary light that a second 
similar piece acts as an opaque body. The action may be illustrated 
by Fig. 97. The first set of vertical rods will allow all vertical planes 

Fig. 97. 




to pass, but stops those that are at right angles to these rods. Any 
plane that has passed one set will readily pass another similarly 
placed. But if grating B is turned so its rods are at right angles to 
the first, the plane that has passed A will be stopped by this second 
grating. Light having passed A is polarized, and the first piece of 
tourmaline is called the polarizer^ and the second is the analyzer. 
To the eye there is no difference between common and polarized 
light. 

(2) Polarization hy R^lection. — ^When a ray of light falls on a 
polished glass surface inclined to it at an angle of 35° 25'', it is 
reflected, and the reflected ray is polarized. To see that it is polar- 
ized, let the reflected ray be received on a second unsilvered surface, 
also inclined at the same angle and called the analyzer. This second 
surface will reflect the polarized ray if it is parallel to the first sur- 
face. If not parallel, no light is reflected ; so these reflecting sur- 
faces act much like the tourmaline crystals. 

What is the polarizing angle ? 

The polarizing angle of a substance is the angle which the inci- 
dent ray must make with the perpendicular to a plane polished sur- 
face in order that the polarization be complete. The angle of 
inclination for glass was 35° 25^ ; so its polarizing angle would be 
the complement of this— viz. 54° 35^. If the first mirror be inclined 
at any other angle, the light will not be wholly polarized, but would 
be partly reflected from the second mirror in all positions. 

The polarizing angle for water is 52° 45^, for quartz 57° 32^, for 
diamond 68°, for obsidian, a kind of volcanic glass, 56° 30^. 

The light reflected from water surfaces, from slate roofs, from pol- 
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ished tables, is all more or less polarized. In the earlier and later 
parts of the day the light of the atmosphere is polarized. An 
incident ray meeting a glass surface is partly reflected and partly 
refracted. It will be found that the reflected polarized ray is always 
at right angles to the refracted ray. 

(3) Polarization hy Single Refraction. — If an un polarized ray 
falls npon a glass plate at the polarizing angle, one part is reflected 
and partly polarized, and the other part is refracted through the 
glass and also partly polarized. If this feebly polarized ray be 
passed through a second plate parallel to the first, the effect is more 
marked, and tolerably complete if t«n or twelve plates are used. 
A bundle of such thin plates fitted in a tube may be used for exam- 
ining or producing polarized lights. Such plates are used with the 
magic lantern. 

(4) Polarization of Double Refraction. — When a ray of light 
passes through a crystal of Iceland spar, we have seen that it 
becomes divided into two rays of equal intensity, both of which are 
found to be polarized and in planes at right angles to each other. 
Now, if either the ordinary or extraordinary ray be transmitted 
through a second crystal, a second ordinary and a second extra- 
ordinary ray will result, but of unequal intensities. If the second 
crystal is rotated, so that the two are similarly placed, then in one 
case the second extraordinary ray disappears, and the second ordi- 
nary ray is at its greatest intensity. Turn the second crystal at right 
angles to the first and the reverse takes place. The second crystal 
acts as an analyzer. 

Describe Nicors prism. 

A rhomb of calcite about 1 in. high and J in. broad is bisected in 
the plane of its optic axis — i. e. through 
the opposite obtuse angles. The halves 
are glued together again in the same order 
by Canada balsam. 

When ray S C enters the prism (Fig. 98) 
the extraordinary ray passes through it in 
C e, but the ordinary ray strikes the balsam 
surface a 6 at a greater angle than its criti- 
cal angle, and passes wholly out of the prism in C c^ 0? and is thus 
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gotten rid o£ This is one of tlie ma^ Tifaiable means of p<^arixiDg 
laeht, and ia used in moi<t polarizing ap|iarati& It gires perfectly 
coloriesB light, it polarizes compleceiy, and tiananhs only one beam. 
Foocaolt replaceii the layer of Canada baisam by one of air, and 
hb prisms are just as good and cheaper than Nicolas. Either variety 
may be naed as a polarizer or an analyzer. 

Whmt are fome of the pnhiTiiing iBslrvBeiitBf 

Every iDstmment of this kind counts of two parts — one to polar- 
ize the light, and the other to ascertain if it is pcJarized — the polar- 
izer and the analyzer. Norremb^g's apparatus involves the princi- 
ple of reflection by two mimnsw 

A simple polariscope can be made of a ^aas plate for a polarizer 
and a Nicol's prism for an analyzer. The toormaline pincette is 
used by mineralogists for examining certain crystals and kinds of 
mica. The sabstance examined is placed between the two disks of 
tourmaline. 

What is the result of interferenee of polarized Mght? 

When polarized rays meet they cause the results of interference 
as floes ordinary' light. If the two rays are polarized in the same 
Xilane, they produce the very same fringes that common light does. 
Place a thin film of gypsum or of mica between the polarizer and 
analyzer, as in a tourmaline pincette. Rotate the analyzer, and at a 
certain point there is a beautiful display of colors ; at another point 
they will fade away ; and at still another will appear colors comple- 
mentary to the first. This is due to the interference of polarized 
light in passing through the thin substance which takes the place 
of the layer of air when Newton's rings are formed, only it must be 
thicker than that layer of air. Compressed or unanncaled glass also 
yields colors with polarized light. 

Describe rotatory polarization. 

Polarization may be elliptical, circular, or rotatory. Let a ray of 
nionoclironiatic light be polarized ; turn the analyzer, say, a Nicol's 
[)riMm, so that the ray does not pass. Take a thin section of quartz 
and \)\iwc it between the analyzer and polarizer, and the light will 
now b(! found to pass ; that is, we have to turn the analyzer through 
a (jcrtain angle to let the light through. This angle expresses the 
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rotatory power of the substance. With some specimens of quartz 
the plane of polarization is turned to the right, and with some to the 
left. 

A magnet twists the plane of polarized light. Many liquids and 
solutions exhibit this property, and the deviation can reveal differ- 
ences in the composition of bodies where none are shown by chem- 
ical analysis. 

Biot has a polariscope for measuring the amount of rotation in 
liquids. SoleiVs saccharimeter is used for analyzing sugars, and 
consists of a tube containing the liquid between a polarizer and an 
analyzer. Diabetic urine may be thus examined and the amoiint of 
sugar determined. 

Rays of heat also become polarized, and NicoFs prism may be 
used for heat as well as for light. 
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BOOK IV 

ON SOUND. 



CHAPTER XXI. 



PBOPAGATION AND VELOCITY OF SOUND.— MEASUB 

MENT OF VIBBATIONS. 

What is the difference between noise, sound, and mnsic ? 

The study of sound and of vibrations of elastic bodies is called t 
science of acoustics. If a body strikes the air a single blow, b& t 
discharge of a cannon, the ear receives a single shock, called a nm 
If separate noises are repeated so rapidly that the ear cannot dist 
guish the separate shocks, it perceives a continuous sound. Shoi 
such continuous sound be pleasing, it is called a musical sound: I 
essentiids are regularity and simplicity. 

What is the cause of sound? 

Sound results from rai)i(l oscillations imparted to the molecules 
clastic bodies. Such bodies tend to regain their first position of eq 
librium, and reach it after rapid vibrations. 

The body which produces sound is a sonorous body. In Englf 
and Germany a vibration comprises a motion to and fro ; in Frai 
it is to or fro, a movement in only one direction. 

How are sounds propagated? 

The vibrations of elastic bodies are transmitted to some medi 
and the vibrations of the medium aifect the ear and produce i 
sensation of sound. This medium is usually air, but all gag 
vapors, liquids, and solids transmit sound. 

Sound is therefore imperceptible in a vacuum ; the vibrations n 
be there, but there is no vibrating medium between the sonorous be 
and our ear. 
206 



OP SOUND, ETC. 207 

Solids are gcwd conductors of sound. A piu-BorateL on one end 
of a log can be heard at the other end. The tramping of diutunt 
horses can be heard by an ear applied to tho ground. 

Sounds in air are propagated in wanes. Take a spiral spring with 
one end fixed, and rake ita aide by any instrument. Some of the 
turns of wire will be seen to be eloser than others, a condensation 
while some turns are aepaKited, a rarefaction. Something siniilar 
oecars In air. 
^^^Jn Fig. 99, P is a piston rapidly oscillating from A to a It com 
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presses the air in tube M N, when F goes from A to a, but not at 
once throughout its whole length ; only for a length, as a H ; and 
this is the condensed wave. Let other lengths he taken equal to 
a H, and when the first layer of wave a H comes to rest, its motion 
is communicated to the first layer of wave H H', and so on, each 
part of the condensed wave having successively the same degree of 
velocity and condensation. When the piston returns from n to A, a 
vacuum is produced behind it, causing a rarefaction of the layers of 
air i so expanded waves are produced of the same length ns the con- 
densed ones, and the eorrestwnding Uyera of the two possess ei[ual 
&nd contrary velocities. 

The whole of a condensed and an expanded wave is an 'indiihtioii. 
The length of an undulation is the apace which sound traverses dur- 
ing one complete vilDration of the sonorous body. The length is lesa 
as the vibrations become more rapid. 

Two particles are said to be in the same phane when they move 
with equal velocities in the same direction. It will be seen that two 
particles arc in the same phase if separated by a whole undulation ; 
in opposite phases if separated by half an undulation. Condensa- 
tion is greatest In the middle of a condensed wave, and rarefaction 
greatest in the middle of an expanded wave. 

If the sound-waves be not enclosed, a series of spherical waves, 
alternately condensed and rarefied, ie produced around each sonoraua 



208 ESSENTIAI^ OF PHTBIGS. 

centre. The radii of these concentric spheres gradoaDy increase ; the 
amplitude of vibration lessens, and j^e intensity of sound dimin- 
ishes. 

These spherical waves of course are the most usual ones for prop- 
agation of sound. 

What are the causes which influence the intensity of sound ? 

(1 ) The intensity is inversely as the square of the distance. Dou- 
ble the distance, one-fourth the intensity. 

(2) The intensity increases with the amplitude of vUrrdtions, 
Amplitude means the greatest distance of any point in a wave from 
the axis. Wave-length is the distance between two crests. 

(3) The intensity of sound depends on the density of the medium 
in which it is produced. It is nil in a vacuum, and feeble in H gas. 
Od high mountains the discharge of a gun produces only a feeble 
report. The ticking of a watch in water is heard at a distance of 23 
feet, in air at 10 feet. 

(4) The intensity is modified by the motion of the atmosphere 
and direction of the wind. 

(5) Sound is strengthened by the neighborhood of a sonorous 
body. Stringed instruments are provided with sounding boxes ; the 
box and its contained air vibrate in unison with the string. Reso- 
nant brass vessels were placed in the ancient theatres to strengthen 
the voices of the actors. A " sounding-board " over the pulpits in 
old churches is for the same purpose. 

The first law is not true for sounds transmitted in tubes. The 
voice loses little of its intensity in a long tube, provided its diameter 
be not too large or its sides too rough. ** Speaking-tubes" are an 
illustration. 

What is the velocity of sound in air? 

This was determined in 1823 by firing cannon simultaneously fix)m 
two hills near Amsterdam and noting the time between seeing the 
flash and hearing the sound. The time required for light to traverse 
a short distance is regarded as inappreciable. The velocity of sound 
at 0° C. may be taken at 1093 ft., or 333 metres, per sec., a little 
less than that of a rifle-ball. It increases with the T. about 2 ft. or 
.6 metre for every T C. At 60° F. it is 1125 fti. per sec If 5 
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seconds elapse between the flash of ligbtning and hearing the thun- 
der, that stroke was about 1 mite distant. 

The more intenae the sound, the more rapid its transmisBion. 
During artillery practice the report of a gun may be heard before 
the order given to fire by the officer. Density retards and elasticity 
IS the velocity. 



What is the velocity of sonnd in gases t 

The velocity in gases is repreaenl^J by the formula v — . H ; !. e. 

is directly as the square root of the elasticity and indirectly as the 
squareroot of the density. In CI gas it is 677 ft. per sec., in H gas 
4163 ft. per sec, 

Doppler' t principh is that when a sounding body approaches the 
ear the tone perceived is somewhat higher than the true one ; if the 
sound recedes, it is lower. As the sound approaches the ear receives 
more waves per second and the sound is higher pitched, and vice 
vend. 

What is the velocity of sound in liquids T 

For wat«r this was determined in Lake Geneva. At one boat was 
an immersed bell aud a flash simulianeous with its stroke ; at a dis- 
tant boat was an immersed ear-trumpet. The velocity was found lo 
be 4708 ft. per sec. at 8° C, four times that in air. Aqueous vapor 
is an obstacle Ui sound, but not white fog, hail, or snow. 

What is the velocity of Bound in solids? 

As the elasticity of solids in general ia greater compared with their 
density than that of liquids or gases, their propagation of sound is 
more rapid. Two distinct reports of the rock-hlast may be heard, 
one transmitted through the air, and one through the earth. The 
latter is heard first. For oak wood the rapidityis 12,622 ft. per sec. ; 
for steel it is 16,408 ft. It is three times less if across the fibre of 
wowl. In water the rapidity is four times that of air, in Cu eleven, 
in glaj-a sixteen, in wood itlong the fibre 10 to 1.^. 

How ia Bonnd reflected 1 

As long ns sound-waves are not obstructed they are propagated in 
concentric spheres, but when they meet an obstacle, they return 
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upon themselves, forming new concentric waves, which seem to 
emanate from a second centre on the other side of the obstacle. 
The two laws for the reflection of sound are identical with those for 
light and radiant heat. 

What are echoes, multiple echoes, and resonances? 

An echo is the repetition of a sound in air, caused by its reflection 
from some obstacle. For articulate sounds that obstacle should be 
at least 112.5 feet distant, for not more than five syllables can be 
heard or pronounced distinctly in one second — \ sec. for each sylla- 
ble, in which time sound travels 225 ft. (1125-^-5=225). If the 
reflecting surface be 11 2. 5 ft. distant, the sound in going and return- 
ing will traverse the 225 ft., and no two sounds would interfere. 
If the distance is less than 112.5 ft., the direct and reflected sounds 
are confounded, resulting in resonance. These points are of im- 
portance in architecture. 

Multiple echoes or reverberations are those which repeat the 
sound several times ; some do so as many as thirty, times. 

There are acoustic foci, like luminous and calorific foci, and 
sounds, even a whisper, are heard at such points, and not at inter- 
mediate ones. This is the principle of whispering galleries and the 
* ' Ear of Dionysius. ' ' 

niustrate refraction of sound. 

Refraction of sound is a change of direction in passing through 
media of difierent densities. Place an ear at the small end of a ftm- 
nel and listen to a watch 10 or 12 ft. distant. Then introduce a col- 
lodion balloon filled with CO2 gas between the ftinnel and the watch. 
The sound is greatly increased. The convex wave-fronts were 
becoming difiused through wider and wider space, but on meeting 
the dense gas these fronts became plane fronts, and then emerged 
as concave fronts, concentrating the sound energy upon the funnel. 
A balloon filled with H gas would act like a concave lens and dissipate 
the sound. 

The principle of the speaking-trumpet depends upon the conso- 
nant vibration of a large mass of air before it begins to be difiused. 
The ear-trumpet and stethoscope are the reverse, and concentrate 
the enlarging waves upon the ear. The external ear is hardly a 
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Bound condenser, but some part of its many irregularities will offer 
a surface perpend icukr ht some one of the many sound-waves; 
vibrations will then be (ransmitted id the internal ear. 

Hdw may the number of vibrationB be measured T 
' This ean be determined by means of Saearl's Iwitheil wlmel or by 
the siren. A tootbed wheel is revolved with sucb speed that a note 
is prodiieed by its teeth Btnking a. card, which note is identical with 
the sound to be tested. The number of turns fan be read off on an 
indicator, and this, mul^plied by the niuuber of teeth, gives the 
total number of vibrations. Divide this by the number of seconds 
it was revolved to get the vibrations per second. 

The name siren was given to another apparatus, because it yields 
Bounds under water. Let a fixed brass plate have, say, 18 perfora- 
tions, wfaich shall be opposite 18 other holes in a movable disk 
placed upon it. The holes are inclined to each other thus, >, and 
are not vertieally placed. As wind from a bellows strikes the sides 
of the holes of the movable disk, it begins to rotate, and a series of 
stoppages and efHuxes are produced which make the air vibrate, not 
the disk. A sound is produced of varying pitch. There are record- 
ing dials attached to indicate the number of revolutions. The buzz- 
ing and humming of insects is produced by the flapping of their 
wings, the rapidity of which can be counted by bringing the siren 
into unison with this sound. A gnat's wing flaps about laOO times 
per second. A steam-horn on the siren principle is used as a fog- 
horn. 

What are the limits of perceptible sounds ? 

There arc many discordant results obtained, probably due to the 
iliffereot utpacitics of different ears. Preyer found that the normal 
ear could not hear a sound unless it made Id to 24 single vibrations 
per second. Below this number the impression of separate beats is 
produced. The maximum limit of acute sound maybe 41,000 vibra- 
tions per second, yet many with good ears are deaf to 1(1,000 or 
12,000 per sec This large number of vibrations affects the ear as 
though it were pricked by a pin. The above range is about 11 
octaves ; that of the htiman voice is 3 or less. The lowest note of 
a Ti-octave piano makes about 27 j vibratiuns per sec., and its high- 
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est note 4224. Some ears cannot hear a bat's cry or the creaking 

of a cricket. The intensity of the sound increases the limit of 
audibility. 



CHAPTER XXn. 

MUSIC AND MUSICAL INSTBUMENTS.-PHONOGRAPH. 

What are the properties of musical notes ? 

The vibrations of musical notes must be continuous, rapid, and 
regular. They have three leading qualities— pite^, intermty, and 
timbre. (1) Pitch is determined by the number of vibrations per 
second. (2) Intensity depends upon the extent or amplitude of 
vibrations. (3) Timbre, or quality, is that peculiar property which 
distinguishes a note when sounded on one instrument from the same 
note when sounded on another. It depends upon the differences of 
the harmonics which accompany the primary tones. 

What are musical intervals? 

Suppose a note, C, is produced by a certain number of vibrations 
per second, and another note, cc, by a greater number of vibrations. 
The interval from C to cc is the ratio of their vibrations, obtained by 
division, and not by subtraction. Two or more notes may be sepa- 
rately musical, but not necessarily if sounded together ; so we have 
to inquire what notes are concordant or fit to be sounded together. 
If notes are separated by an interval of 2 : 1 or 4 : 1 , they closely 
resemble each other. If c has twice as many vibrations as C, the 
interval 2 : 1 is called an octave. 

If three notes, x, y, z, have their vibration numbers correspond 
to the ratio 4:5:6, they will be concordant, and constitute an har- 
monic triad : if sounded with a fourth note, the octave of a, it con- 
stitutes a major chord. 

If three notes have the ratio 10 : 12 : 15, the sounds are slightly 
dissonant, and with the octave to the lower one they constitute a 
minor chord. 



How 1e the mnsical scale formed? 

The series of sounds between C ao J ita octave c is called the dia 
tmiic scale or gamut. These notes are mdicttted by the letters C, 
D, E, F, G, A. B, o— the ottuve above by small letters, the otie below 
by large letters with an index. If the vibration number of C be 
repreaentcd by unity, those of the other notes are given in this 
table: 

C D K P G A B c 

t S i i f S Y 2 

264 297 .t:ii) 352 3% iH) 4'J5 528 

The interviils between the successive notes will be found to be one 
of three fractions, g, V, or JJ: the first two are called a fniie, ami 
the last a aemiloiie. The two tones, however, differ by H. called a 
enmmti. A trained ear can readily detect this difference ; it cannot 
determine the number of vibrations corresponding to a given note, ' 
but shows great preoimon in regard to the ratio of vibration num- 
bers. 

How ia the chromatic Boale fbrmed? 

Each note may be sharpened or flattened — i'. e. raised or lowered 
by an interval of M- This gives 21 notes between C and c, any one 
of which may be taken as a key-note, and a scale conatruoted from 
it. This would be quite unnianngeable ; so the number of notes has 
to be reduced by slightly altering their just proportions. This process 
is called temperam^nl. 

The octaves are retained pure, and between C and c, eleven notca 
are substitnted at equal intervals, each interval being the twelfth 
RMJt of 2, or 1,059+. The scale of twelve notes thus formed is 
called the clironuitic scale. 

What is the number of vibrations prodndlng different notes T 

An instnimenl is in tune provided ihe intervals between its notes 
are correct. Middle C on the best American pianos has about 270 
double vibrations per sec. , and on German 264 ; the French legal 
standard is 2fll. Physical apparatus is usually based on 256, hs this 
is a power of 2. (See the above table of vibrations.) 

The standard for vibrations is a nonnal tuning-fork, which always, 
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with Kligbt variations tor T. , produces tiie same number of vibrat 
per second. 

How is wave-leng^ determined? 

Sound travels 1 125 ft. i>er sec. If a sounding body only made 

vibmtiou jht second, its wave-length would be 1125 ft. ; if two 

velocitv 
wiivc-len^th wt)uM Ihi J of 1 125 — /. e. wave-length = tT^^ — » -i \- 

^lo. of vibrdti 

The wave-U'n^th is inversely as the number of vibrations. 

The aniplitu<K> of oscillation tor high notes is very small — foi 

perhaps not ^^rcater than .0000001 mm. 

What are overtones and harmonics? 

The sounds coming from a string or other body vibrating in i 
nrv called ovvrtoiuH. If the vibration number of the overtoil 
two, three, or tour times that of the fundamental, the sound is cii 
a hnnunui'v. 

WIkmi primary is sounded on most instruments, its octave 
comes au(lii)l(*. ; then the fifth to that octave, then the second oct 
then the third and iii'th to that octave. These are all harmoi 
and may be heard by a little practice. 

What is the difierence between consonance and resonance 

A viliratiiii,^ body has the power to cause a l)ody at rest to vib 
in the same period. This is cointonanct'. A regiment of sok 
marching in step will set up a dangerous oscillation of a bridge, 
it is said that abridire ean ])e fiddled down if it will vibrate in un 
with the violin. 

Tiie reinforcement of sound by attaching to a sounding hoc 
sound-board or wooden box containing air is called resonance. 

How are vocal sounds produced? 

Vocal sounds are jiroduced in the larynx by means of the v 
cords. These have diflferent degrees of tension, and the eurren 
air passing between them causes them to vibrate, producing to 

The tones are higher the more tightly the cords are stretched 
the narrower the vocal slit. 

The cavities of the mouth, nose, and various sinuses, modifier 
the tongue, act as a resonator. The wave-length of sounds emi 



ice in ordinary con versa.tion ia about 8 to 12 feet; that 
of a woman's, 2 to 4 feet. The average compass of tlie human 
voice ia within 2 octaves. Celebrated singers have had a range of 
3i octaves. 

How are soimds perceived 1 

The chief organ concerned in the perception of sound ia a series 
oF fibres called Corti's, which are connected with the auditory nerve. 
It Beema that each one ia tuned fur a certain note, as if it were a 
small reaonalor; one fibre or Bet of fibres vibrat43s in unison to this 
note, and is deaf to all others. There are about 3000 of these fibres, 
thua allowing nearly 300 to each of the II octaves which are within 
the compass of the ear. In the piano every string has its own ham- 
mer, while the ear posaessea a single hammer in its three ossicles, 
which can malte every string of the organ of CoTti sound separately. 

What is interference of sonnd and beatsT 

If two waves of aounri of the same length proceed in the same 
direction and coincide in tiicir phases, they strengthen one another. 
But if their phases differ by a half waie-length, they neutralize each 
other and silence results. This ia interference of sound. If the 
notes are different and not quite in the same phaae, they alternately 
weaken and strengthen each other, and are said to beat with one 
another. When the cresta of two waves correspond, the sound is 
intensified : a erest and a trough produce silence. If one tuning- 
fork makes 2.^6 vibrations per sec. , and another 255, once during the 
second there will bo a time of maximum intensity and one of mini- 
mum intensity. The number of beats is always equal to the differ- 
ence between the vibrations. 

Beats from 10 to 70 per sec. are the source of all discord in music, 
a maximum of dissonance being at 30. Below 10 or above 70 they 
are disagreeable, but not discordant. Church bells or vibrating tele- 
graph wires produce beats. 

The Vibrations of StringB and Columns of Air. 
What are the laws of transverse vibratiooB of string 1 

Stretched strings of catgut or of metal wire vibrate either trans- 
versely or longitudinally. The Kiiinmerer, or monouhotd, » tkt \\i- 
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strument by which such vibrations may be studied. It consists of a 
resonating box upon which are placed two bridges. A string or wire 
fastened at one end and weighted at the other is passed over thesS. 
A third, movable, bridge alters the length of the vibrating portion. 
The laws determined are these : 
Let N = the number of vibrations per sec. 

1. N is inversely as the length, the tension being constant. 

2. N is inversely as the diameter of the string. 

3. N is directly as the square root of the tension. 

4. N is inversely as the square root of the density of the string. 

How are nodes and loops formed? 

In Fig. 100 let us suppose the string A D to begin vibrating, A and 
D being fixed, and while vibrating let B be brought to a rest by a 

Fig. 100. 




stop. Let D B be J of A D. All parts of the same string tend to 
make a vibration in the same time ; accordingly, the part between 
A and B will not perform a single vibration, but will divide in two 
at C. If D B were } of A D, then A B would be subdivided at C 
and C^ into three vibrating portions, each equal to B D (Fig. 101 ). 




The ratio between B D and B A must be that of whole numbers. 
The points B, C, and C^ are called nodes ; the middle point between 
nodes is a loop or ventral segment. 

Little paper riders placed on the string will show these points and 
be thrown off at the loops. Partial vibrations will be superimposed 
upon the primary, and overtones are produced. 



^|Bn5IC 



rC AND MUSICAL INBTRUMESTS. — PHONOGRAPH. 217 



I Wbat is the principle of wind instruments ? 

Hitherto we have oiilj- noted air aa a vehicle for the t 

of sound. In wiud instrameiita the eaclosed column of air is the 
, sounding body. The gubatance of the tube has no influeuce on the 

fundamental note, but different materials give different harmonics, 
' and thereby impart a. different quality. 

Wind instnimenw are divided into mouth and reed instruments, 

lu the former the parts of the mouth-piece are 

fixed.- Fig. 10:5 represents the mouth-piece of an 

organ-pi]*, and Fig. 102 that of a whistle. Air 
' entciB the lube through the aperture i b. h and 

are Upa, the upper of which is bevelled. When 
' a rttpid current of air enters 1 b, it strikes against 
J h and issues from 6 ri in an intermittent manner 

These pulsations are transmitted to the air in the 

|Hpe, which air vibrates and sound is the result 

The number of vibrations depends upon the 

dimenaiona of the pipe and the velocity of the 

air-current. rff 

In the reed instrument a simple elastic tonp;ue 

BetA the air in vibration, the tongue being moved by the entering 

current of ab-. The reed may be frw, vibrating between the edges 

of the aperture, or gtrikinfj, in which ease llie tongue is larger than 

the orifice. 



FlQ. 102 

n 
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What are some of the differences between closed and open 
organ-pipes ? 

In ease oi' an open pipe, if the fiindamental be represented by 1, 
we can obtiiin the notes 2, 3, 4, 5, fi, etc., nil the harmonies of the 
primary, by increasing the force of the current of air. By a closed 
pipe we can obtain the notes 3, 5, 7, etc., the vneven harmonica. 

The vibrations of the air column take |)]ace in a direction parallel 
to the axis of the pipe : nodes and loops are produced. Here a 
node means a section where there are rapid changes of density in 
the air. 

Ill the loops the particles of air have the greatest amplitudes and 
no change in density. 

(1) Ooaed PSpe.—The bottom is always a node, for that kyet 
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IfAi is at rest ; at the niouth-piecB is a hup, the vibratiou being at its 
When the pipe yields its liinJanjental (Fig. lOi), A, 




■'the distance from one end to the other is a i wave-length. If the 
Emjrrcnt of air be forced, the column divides itself inte three eqiutl 
■fwrld, 1 i wave-lengths, B. This sound is the first harmonic. When 
Hlfac second harmonic is produced the column has five equal parts or 
|4 wave-lengths, C. The ratio Is J : 3 : 6. 

(li) Open FKpmi. — There muat always be u loop at eaeli end. Tlie 

fimdaraental will divide the column into two equal parts. A'. Willi 

the first harmonic there will be a loop at either end, and one in the 

middle, or four equal parts, B'. The second harmonic will divide 

, the column into six equal parts, C The ratio is 1 : 2 : 3, In both 

L«topped and open pipes the number of vibrations is inversely as 

I'tiie length of the pipe. 

In comparing A and A', it will be seen that the fundamental 
e-length of the closed pipe is twice that of the open one. Long 
e-lenglhs go with fewer vibrations: pitch depends on the num- 
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i^bet of vibrations ; therefore a closed pipe is aa octave lower than a,n 
i«peQ one of clie same length. 

Ganot makes a a>Dtrary stuleiueDt. 
J}nenbe the ctiemical harmonicon. 

I The air in an open tube uiuy be muJe to vibrate bj means of a 
fluiiiuiDus Jet of H or uf uoal gaa. The Bounds iire supposed to be 
' pDduoed by exceedingly rapid explosious of the periodic combina- 
tion of the 0, in air with the jet of H. Louder effects are produced 
by coal gas, the nol£ depending on the size of the flame and length 
of the tuije. If the voice or siren be raised to this note, the flame 
is agitated until the two sounds are of the Banie pitt:h. This h the 
optical expression of beats. Take a metal tube 4 cm. in diameter 
and 20 cm. long ; close the bottom with wire gauze, and hold it 
vertically over a Bunsen burner. Light the gas inside the tube, and 
a noise is produced almost as loud as a locomotive whistle. 

How do rods, plates, and membranes vibrated 

liijih vibrate in two iViivM— Inn^nludinally and transversely. The 
tmiing'tbrk or music-box are examples of transverse vibrations of 
rods. Vibrating plife» contain nodal lines, which vary in number 
and pomtion according to the form of the plates, their elasticity, etc 
These lines are very symmetrical, and may be formed by touching 
different pointa. Gongs and cymbals are examples of vibrating 
plates. 

Bells do not vibrate as a whole, but in CQual parts, separated by 
nodal lines. 

Vibrations of memhrams are illustrated in the drum, the con- 
tained air also vibrating. 
How may vibrationB be stndied graphically? 

Lissajoua' method depends upnn the persistence of visual sensa- 
tions upon the retina. A small mirror is fixe<l on a vibrating body, 
and iraiMirts to a reflected luminous ray a vibratory motion similar to 
its own. The image of a dot of light elongates or becomes curved, 
and a great variety of symmetrical figures are formed by combin- 
ing two vibratory motions. 

Another way is by the phonautorrmph, which is an ellipsoidal 
barrel with one end open, and the other closed by a membrane oar^ 
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lyiag a bristk-. The vibrationH of the membntnc are tnnsfen 
lilt' briKtlo lo blatkcned pajwr revolving in front of it. 

Thirtlly by AwkV/'k ni'iimmflric ftamf». Tlie motioD of i 
wavos is transniittt'J tu pm llauiea, which by iheir pulsationg 
thf nature »X ihc sounds. These flames arc ro«.-eived od a i 
witli four fai-es, whii-h may be rotated, and produces a band of 
wiih Kcrralcd edges. 

Ii then any attraction or repnliion in aooiutioi T 

It lias Ixi'D obscn-cd that a sounding body exercises sn i 
H)>oii a biMly ill its iifijfhborhoud, suuietiuics of attraction and i 
times of n'iMilsii.ij. Tbo vibrations of a medium will attract t 
which arc s|w.H-iti.-ullj- Iicuvier tlian itself, and repel those i 
are lifclilcr. Twn siiKiK-iided vibrating tuning-forks move tc 
each tillier. 

These jilii'iiouiciiii mv not due to aspir&ting action of air nor 
iii^effevts. Hicir I'lirtlier cluiridation may kelp solve the pre 
of Httnii-lion ill jKiicral. 

Describe the phono^aph. 

In 1S77, Kiliwm dcviwnl the jihonograph for recording and k 
diicinp WHinil Ii niM.*i.<tK of a cylinder C mounted on u bona 
axis A A', wliifli i-jii lie rotatctl beneath a mouth-piece E. {Fig. 




On the cylinilriMl surfaee is cut ashallnw spiral groove, like the th 
(if a si'rew. A small style pnijcrts from the under surface of a 
disk which closes one end of the mouth-piece and stands din 
over the thread. TIio axis also lias a screw thread, so that 
cylinder ndvanci's as it rotaleis, and allows the groove to keep 
Mantly under tbo style. Over tlie cj'linder is stretched a shee 
tin-foil, which is indented when the membrane and its style vibi 
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Some of these indentations are visible to the eye, and others require 
a microscope. After the sounds are recorded, if the indented tin- 
foil be again passed beneath the style, it will play up and down, and 
the membrane will vibrate just as it did- when it produced the inden- 
tations. These vibrations are communicated to the air, and the 
original sounds are reproduced. Speech, music or messages may be 
thus stored up indefinitely. The business-man or author may dic- 
tate his letters or thoughts to this machine, and have the typewriter 
transcribe them later. By suitable clockwork and reproducers 
speeches, plays, music, etc. become audible to a large assembly or to 
the individual at the "' slot machine.'' It is useful in medical teach- 
ing for comparison of sounds. 

The graphophone, invented by Tainter and Bell, has a cylinder 
covered with wax, and the style is a minute chisel. It yields excel- 
lent results, and the same record will reproduce the original hun- 
dreds of times. 

What is Edison's kinetograph? 

Recently Edison has combined under the above name the phono- 
graph and photographic camera. By an electric attachment he 
takes 46 pictures per sec. on a gelatin film, or 82,800 in half an hour, 
so that motion — e. g. on the stage — is reproduced as real motion and 
not a series of jerks. This and the phonograph work together, and 
take down an opera with every move of the actors and every sound. 

The negatives are developed, and when projected on a screen, 
keeping time with the reproduction of sound from the phonograph, 
3'ou have a continuous life-size picture of what went on, and hear 
simultaneously every voice. The practical utility of this machine 
remains to be seen. 
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ON HA&NEXISM AND ELBOTBIGITT. 
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PB0PEETIE8 AND USES OF HAOHETB.— LAWS OF 

AOTZOF. 

What are magneti and fhtir tarietitfst 

Electricity is of three kinds— magnetism, statical, and dynanua 
it will be studied in this order. 

Magnesia was a small countiy in Aria Minor, and is now noted i 
giving its name to three things: to magnesia alba, or csibonsto 
Mg ; to magnesia nigra, or peroxide of manganese (MnOs), uid 
substances called magnets. 

Magnets are substances which have the property of attracting ii 
and the like. There are four kinds : 

(1) Natural; 

(2) Artificial, 

(a) permanent, 

(b) temporary; 

(3) Magnets by induction ; 

(4) Magnets by electricity. 

(1) A certain ore of iron, the magnetic oxtde, Fe^O* (from Fi 
+ Fe^Os), constitutes the natural magnets. It is called loadstoi 
from its use as a leading stone. Only loose fragments exhibit ti 
property, and not the mass. It attracts other iron, and when si 
pended directs itself north and south. These are permanent nu 
nets. 

(2) Artificial magnets are usually made fipom steel or soft in 
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The former are permanent, and the latter temporary. The quality 
of steel by which it first resistB the power of magnet§ and the escape 
of magnetism when once acquired is called its eoereive force. The 
harder the steel, the greater ita coercive force ; soft iron has least. 

(3) The action by whicb a magnet can develop magnetism in iron 
la called magnetic iiijlimncf. or induction, and may take place without 
actual contact of the two. 

(4) Electro-magnets are made by circulating an electric current 
about a core of soil iron. They are temporary magnets. 

What are the properties of magnetB? 

1. Attraction ; 

2. Polarity ; 

' 3. Mafrnetic rupture ; 

4. Magnetic induction ; 

5. Electricity. 

What are poles and the neutral line and axis T 

Tlic force of attraction varies in different parts of a bar magnet. 
This may be seen by placing it in iron filings, when the ends will 
become covered vfith feathery tufts, with none in the middle. The 
ends are the poles, and the mid-point the neutral line. Sometimes 
couuqiieiit poles are produced in artificial magnets between the ex- 
treme points. This is due to improper magnetization or to irregu- 
larities in the metal. The axix of a magnet is the shortest line 
joining its two poles ; in the horseshoe magnet it is in the direction 
of the armature. 

When a magnet is freely suspended, it sets with one end, the 
north pole, pointed toward the north and the i^outh pule toward the 
south. In Fmncc and China the reverse terms are used. Tlie north 
pole is often called the rnl. Ike +, or the marked end of the needle, 
and the other is the line, ihe — ■, or the unmarked end. 

What is the law of magnets 1 

Pules of the snme nnme. re-pel, and poles of tlie contrary Tiame at- 
livcl me another. I>ike poles repel, unlike attract. 

The attraction which a magnet exerts upon iron is reciprocal ; this 
is the general principle of all attractions. Place one bar-magaet 
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upon another, so that poles of contrary names are opposite, and 
they will neutralize each other and not support a weight 

What is the theory of magnetism? 

To explain the phenomena the presence of two fluids has been 
assumed, each acting repulsively on itself, but attracting the other. 
Magnetization separates them, and brings the north fluid to the 
north pole and the south fluid to the south pole. A much better 
theory was propounded by Ampere over sixty years ago. He assumes 
little electrical currents to pass round every molecule. In an unmag- 
netized bar they lie in all possible planes ; having no unity of direc- 
tion, they neutralize each other. When a magnet or a current of 
electricity is brought near, the effect of induction is to bring these 
little currents into parallel planes and in the same direction. 

It can be shown that the Amp^rian currents at the south pole run 
in the direction of the hands of a watch. At the north pole they 
seem to run in the opposite direction, but this is because we are 
looking at the reversed end. (See Fig. 139.) Magnetism seems to 
produce electricity : electricity seems to produce magnetism. 

What is meant by magnetic rupture ? 

The Am Parian currents are present in all parts of the bar, and not 
alone at the ends. If a magnetized knitting-needle be broken in the 
middle — i. e. in the neutral line — we shall find two poles and a neu- 
tral line for each half. If these halves are in turn broken, the same 
will be true for them, and so on indefinitely. In fact, each molecule 

is a magnet. 

• 

What is magnetic induction? 

When a magnetic substance is brought near to or placed in contact 
with a magnet, its Amp^rian currents, running in every direction, are 
made parallel and in the same direction, and two poles and a neutral 
line are established. If a small cylinder of soft iron be in contact 
with one pole of a magnet, this little cylinder can support a second 
one, and so on to as many as seven or eight. Each cylinder is a mag- 
net temporarily. If the first cylinder be at the north pole of the mag- 
net, its end in contact will be the south pole, and its far end the north 
pole, according to the law. If the first cylinder be removed, the 
others drop and have no ti-ace of magnetism left. In case of iron 
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filiugt) which collect od a muKnetic pole, etieh particle Is transfuniied 
iolo a miignet, producing filamentti of filings, their free ends repel- 
ling i:itt'!i other. 

What is the difference between a magnet and a ma^etic 
substance t 

A magnet ethibite polarity and attraction for the magnetie Hiib- 
Uanee. Magnetic substances are attracted by the magnet — have no 
polarity and no action on each other. 

Iron leads the list of magnetic substances, metallic iron and FcjO, ; 
then come nickel, cobalt, chromium, and maugiuiese. 

How are anhstances classed according to their behavior to- 
ward magnets^ 

(1) Magnetic Hubstancca iittraeteil, paramagnetic; 

(2) Diaroagnetiu Bubatances repelled; 

(3) Neutral. 

(1) Magnetic substoncea place themaolvea nxinJhj between the 
poles of an electro — or horseshoe magnet. Magnetic liquids in a 
watcb-^as9 between the pules become heaped up at the poles and 
depressed in the centre. The behavior of gases can be seen by 
inflalJng a soap-bubble with the gas and noting the dircetion of dis- 
tension. O] is magnetic. 

(2) Diamagnetic sulistances are repelled and take up an eqitatorinl 
pomlion between the poles — i. e. their longest axis is at right angles 
lo the axis of the magnet. Such are Bi, Sb, P, Ag, Cu, alcohol, 
water, and most gases, N and CO,. 

(3) Very few substances exhibit no action to magnetic influence, 
bS paper, wood, glass ; nearly all are either attracted or repelled. 

Nothing is opaque lo magnetism. Its force is exerted through 
all mcilia, which may not themselves be afteeted. 

What may be said of terrestrial magnetism % 

The earth may be compared to a great magnet, for a magnetised 
needle on any part of the globe ultimately enXa in a direction more 
or less north and south. The cause is unknomi ; perhaps thermo- 
electric uurrents run around the earth trom east to west, their source 
being the sun. 
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Following out the law that unlike poles attract, we ought to say 
that the south pole of the needle points to the north magnetic pole 
of the earth : this distinction is not usually made in this country. 
The magnetic poles and equator do not correspond with the geo- 
graphical poles and equator. 

What axe the magnetic elements? 

In order to determine a full knowledge of the earth's magnetism 
at any place, three essentials or elements are necessary : 

(1) Declination; 

(2) Inclination; 

(3) Intensity. 

(1) The magnetic meridian of a place does not usually coincide 
with the geographical meridian. The angle which the direction of 
the needle makes with the geographical meridian is called the dedi- 
nation. It is a movement from the true north or south, and may 
be either east or west. At present it is west in Europe and Africa, 
and east in Asia and most of North America. 

What are the variations in declination? 

1. Regular: 

(a) secular, 

(b) annual, 

(c) diurnal; 

2. Irregular (magnetic storms). 

Secular Variations. — The magnetic poles do not seem to stay 
fixed, but oscillate like a pendulum. The north magnetic pole is 
now on its western sweep. An irregular curved line which connects 
the points on the earth where the needle coincides with the geo- 
graphical meridian is called the agonic line (without an angle). 
Such a line in 1890 cut the eastern part of South America and 
passed up through the States of South Carolina, near Charleston, 
Ohio, and Michigan. Thus in New England the needle points west 
of north, but in most of the United States it points east of north. 
After a time this line will swing back to the east. The cycle is about 
320 years. Observations of this kind have been recorded in Paris 
since 1580. 
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Imgmiic lines are those conDectiag places on the earth's surface in 
which the declination is the same, A declination map portraying 
Buch lines has to he continually changed and determined by a mag- 
netic survey, 

Anniud variatioits are slight, and greatest in spring and least in 
summer. They never exceed 15' or 18'. 

Due to diurnal variations, the north pole of the needle takes a 
westerly direction of 8' to 15' during the warmest part of the day ; 
it then returns to iu original position, and remains stationary during 
the nighc 

(2) Irregvlar or accidi-ntal variations are due to earthquakes, vol- 
canie eruptions, and the aurora boreulis. From the latter cause the 
needle may vary 7° or 8° in the polar regions. The sun seems ahle 
to produce widespread simultaneous disturbances in both magnetism 
and electricity. Such perturbations are called magnetic ttomit, and 
their masimum coincides with the maximum of "sun-apotfi." 

SeBoribe the mariner's compass. 

This inatrunient depends upon (he magnetic action of the earth 
on a. declination needle, and is used in guiding the course of a ship. 
The needle is supported on a pivot in a hollow cylindrical brass 
case. The case is supported on gimbals, which are two concentric 
rings moving on axes at right angles to each other, so that the 
needle is always horizontal. The needle may also be floated on 
gasolene. On the needle is fixed a disk of mica which bears a trac- 
ing of a star or rose with 32 branches, making the eight points or 
rhumbs of the wind, tho demi-rbunibs, and quarters. The branch 
called North and marked by a star corresponds to the needle beneath. 
The pilot, knowing the direction in which to steer, turns the rudder 
till the eijurse coincides with the sight-vane on the inside of the bos, 
which is parallel with the keel of the ves-sel. The inventor of the 
compass is not known. Its use is mentioned in the twelHh century, 
but probably the Chinese had used it long before. 

What is inclination or dip? 

The inclination is the angle which a needle makes wilh the hori- 
zon when it can move in a vertical plane around n horiznntJil axis. 
It is the movement iVt toward the earth. The needle must be placed 
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ID the magDetic meridiaD, for when put east or west a dipping needle 
will be vertical. 

The magnetic poles are those places on the earth where the 
dipping needle is vertical. In 1830, Sir James Ross found the north 
one at 70° N. lat. and 96° W. long. The needle only lacked A° of 
pointing directly down. The same observer found a spot in the 
South Sea where the needle lacked 1° 20^ of pointing to the earth's 
centre. These do not at all correspond with the geographical poles. 
The magnetic equator, or adinic line, is the one joining those places 
on the earth where there is no dip. hodinic lines connect places 
where the dipping needle makes equal angles. 

What is the astatic needle and system? 

An astatic needle (unsteady) is one uninfluenced by the earth's 

magnetism. By repeated trials a needle may be made astatic by 

placing a large magnet near it, which will neutralize the earth's 

magnetism. 

An astatic system is a combination of two needles of the same 

force, joined parallel to each other, with poles 
in contrary direction. (Fig. 106). The opposite 
action of the earth's magnetism on a^ and i, 
on a and 6^, just counterbalance each other, 
and the system sets at right angles to the mag- 
netic meridian. This is useful as a test for 
electrical currents, the deflection of the system 
then being wholly due to electricity. 



Pig. 106. 




How is magnetic intensity determined? 

The intensity increases with the latitude, anl 
can be relatively determined by the number of oscillations a needle 
makes in regaining its equilibrium after disturbance. Count the 
number of oscillations during the same length of time at two places. 
The intensity at those places is proportional to the squares of the 
number of oscillations. The greater the number, the greater the 
intensity. The same is true for the pendulum. Lines connecting 
places of equal intensity are isodynamic lines. The intensity seems 
to vary with the time of day, being greatest between 4 and 5 P. M. 
There may also be a slight annual increase. 
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What is the law of decrease with distance T 

Tliis law, discovered by Coulomb, is that magxtlic atlractioiie and 
rfpalm'tMt are iiiBtrtiely iis the squares of Che dUtniux*. Similar, 
therefore, to one law ol" gravitation. This is proven in two ways; 
(1) torsion balance, (2) by oscillation. In the balance a wire is 
twisted through a certain spate by amagnel, and the angle of torsion 
JH proportional to the fori* of torsion. 
What are magnetic cnrves and the ma^etic field? 

Scatter iron filings on a paper held near a horseshoe magnet. 
They will arrange themselves in thread-like curves, called magnetic 
cari'ei, and each particle becomes a. little magnet. 

Theinagitcticjuld is the spaue in the immcdiau; neighborhood of 
& magnet. This space undergoes some change in consequence of the 
present* of the magnet, and so different fields may be of different 
intensities. It is not good for a. watch to biing it very near a 

What are the aonrces of magnetism 1 

1, Terrestrial magnetism ; 

2. Kleolricity. 

In what ways may magnets he madeT 

1. From other magnets; 

2. By earth's induction ; 

3. By electricity. 

What are the methods of making; magnets &om other mag- 
nets 1 

1. Single touch ; 

2. Separate touch ; 

3. Doable touch. 

The nngJe touch eonsista in moving the pole of a magnet from one 
end to the other of the bar to be magnetized, repeating the opera- 
tion in the same direction. 

The tvfirate touch, consists in placing the two opposite poles of 
two magnets of equal force in llic centre of the bar to be magnetized, 
and in moving each toward the opposite ends of the bar; then re- 
peat Compass needW are best magnetisied in this way. 
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By double touch two magnets are placed with opposite poles close 
together in the middle of the bar. The two poles are kept apart by 
a piece of wood placed between them, and they are moved first 
toward one end, and then from this to the other, and so on, finishing 
at the middle. This method gives powerful magnets, but may pro- 
duce consequent poles. 

How does the earth make magnets? 

When a bar of soft iron is held in the magnetic meridian parallel 
to the dip, it becomes endowed with feeble polarity, the end toward 
the earth in the northern hemisphere being the north pole. This is 
unstable, and the poles may be reversed by reversing the bar. A 
certain amount of coercive force may be given it by hitting it with a 
hammer or by twisting it. Such feeble magnetism is often seen in 
lightning-rods, lamp-posts, rifles, etc. This serves the purpose of 
advertisers of so-called magnetic spring-waters. It is the vertical 
iron pipe containing the water which becomes magnetic ; the water 
itself has no such property. 

How is the magnetism of iron ships corrected? 

This magnetism is present from three causes: (1) The earth ex- 
ercises a vertical induction upon vertical masses of soft iron used in 
the ship ; also (2) a horizontal induction upon deck-beams, etc. ; and 
(3) the iron of the ship from the hammering and mechanical opera- 
tions used in its construction may become permanently magnetized. 
All these factors greatly disturb the compass-needle, or even make 
it a useless or dangerous instrument. The first two effects may be 
corrected by "swinging the ship" — i. e. comparing the indications 
of the ship's compass with those of a standard compass placed on 
shore. By arranging vertical and horizontal pieces of soft iron near 
the steering compass, this is finally compensated, so that it points in 
all positions of the ship in the same direction as the one on shore. 
The third factor may be compensated by two permanent magnets 
placed near the compass in certain empirical positions. After a voy- 
age the permanent magnetism of a ship is found to be partly de- 
stroyed by the buffetings of the waves, etc. , and the compasses are 
then over-compensated. Many a vessel has been lost from this 
cause. After a time the ship's magnetic condition becomes perma- 
nent and unaltered by further wear and tear, 
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" Swinging the ship " is not as much done m formerly. A table 
of errors la maiJe out, and the true course doteruiined from it ; or 
both met hoils maybe used; compensnte ns oiueh aa pwisible, and 
I then construct a table uf residual errora. 

Eiectro-ma^neta will be apolten of under Electricity. 

What is a ma^etic battery^ 

A magnetic battery or compound magnet consiBia of a number of 
maeneia, either horseshoe or bar. joined together by their similar 
poles. They give an increase of power, but mutually enfeeble each 
other, so that a combination of sis ia not sis times aiA strong as one 

Armatui-a or keepers are pieces of soft iron placed in contact with 
the poles. They aet inductively and are acted on inductively, pre- 
servinK, or even increasing, the permanent magnetism of the bare. 

The portative /oi-ce of a magnet ia the greatest weight which a 
magnet can aupport. The horsfshoe magnet is the l^eat form for 
supporting weights, for tbon bulb poles can act. 

It, 
6. Hollow tubes make better magnets than solid bars. 
i:iuating magnets arrange themselves in geometrical forms when a 
strong magnet is held over them, showing reciprocal action of their 
poles. 

Perpetual motion with a magnet is just aa impossible ob with grav- 
itation. 

Magnets are not soureea of energy. The force of attraction will 
do a certain amonnt of work, but to restore the attracted body to ila 
former position requires just aa much work as was originally per- 
formed by the magnet. 



lat cironmBtanceB influence the power of magnets t 
1. Temper; hardest is best. 
. Proportion of C ; least is best^-must be some. 

3. Increase of T. weakens a magnet. A magnet heated red 
hot is indifierent to iron and other magnets. This is 
the maffitetie limit. 

4. Percnssion, as hammering, increases magnetism ; falling is 
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Frictional or Statical Electricity. 

How is this variety manifested? 

1. By attraction first, and then repulsion ; 

2. A cobweb feeling on the skin ; 

3. A spark from knuckles when presented to an electrified 

body. 

What are conductors and non-conductors ? 

According to the greater or less resistance which a body offers to 
the passage of electricity, we have conductors, semi-conductors, and 
non-conductors or insulators. 

Electrical conductivity is the reverse of electrical resistance. No 
sharp line can be drawn between the following substances ; the tran- 
sition is gradual. This list is in order of decreasing conductivity: 



Conductors. 


Semi-conductors. 


Non-conductors. 


Metals, 


Alcohol, 


Dry oxides, 


Charcoal, 


Ether, 


Ice at —25** C. 


Graphite, 


Dry wood. 


Rubber, 


Water, 


Paper, 


Dry air and gases. 


Animals, 


Ice at 0° C. 


Silk, 


Linen, 




Diamond, 


Cotton. 




Glass, 
Wax, 

Sulphur, 
Resins, 
Amber, 
Shellac. 



Water is a good conductor for statical electricity, but not for 
dynamical, which is of low pressure. Experiments are best con- 
ducted in a clear, cold, dry atmosphere. 

A conductor remains electrified as long as it is surrounded by a 
poor conductor or insulator. Otherwise, the electrified body would 
discharge its supply into the earth, which is a good conductor. 
Therefore the earth has been called the common reservoir. 

What are the kinds of frictional electricity and the theories ? 
The electricity on gloss is the positive or vitreous, and that ow tV^^ 
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What are the uses of magnets? 

1. For makiDg compasses ; 

2. For making other magnets ; 

3. For detecting and measuring electric currents, astatic nee- 

dle in galvanometer ; 

4. Inducing electric currents ; 

5. Electro-magnet in telegraph and telephone. 



CHAPTER XXIV. 



STATICAL ELEOTBIOITY.-ATMOSPHEBIO ELEO- 

TRIOITY. 

What is electricity and its history? 

Nobody knows what it is. Its nature is that of a powerful phys- 
ical agent which manifests itself by attractions and repulsions, by 
luminous, heating, and chemical effects, and by violent commotions, 
as in lightning. 

It is not inherent in bodies like gravity, but has to be developed 
in them by friction, chemical action, magnetism, etc. 

Thales in 600 B. c. rubbed amber with silk and found it could 
attract light bodies. Amber in Greek is electron^ hence the deriva- 
tion of the word electricity. 

In the sixteenth century, Dr. Gilbert, physician to Queen Eliza- 
beth, took up experiments with amber, sulphur, wax, glass, etc. 
Otto von Guericke invented the first electrical machine and the first 
air-pump in about 1650. In 1780, Galvani experimented with frog's 
legs : this was the real beginning of practical electricity. 

What are the kinds of electricity? 

1. Magnetism; 

2. Statical, frictional, Franklinic, or electricity at rest. Two 

fluids are assumed, which are separated by mechanical 
friction ; 

3. Galvanic, dynamic, current^ or electricity in motion. The 

two fluids are separated by molecular friction. 
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body may also be electrified by friction with a liquid or with a gas ; 
under certain conditions all bodies may be electrified by friction. 

In what other ways may frictional electricity be developed? 

1. Friction; 

2. Cleavage; 

3. Pressure ; 

4. Heat. 

Cleavage is a source of electricity, seen in case of mica and lumps 
of sugar. Opposite electricities are produced in the parts broken if 
they are poor conductors. 

Pressure^ followed by sudden separation, causes electrical excite- 
ment. A disk of wood pressed upon an orange will carry away quite 
a charge of electricity. 

Heat causes electricity, best seen in tourmaline. Pyro-electricity 
is the name given to such phenomena, and they are intimately con- 
nected with the crystalline form of the mineral. They are only seen 
in hemihedral crystals (one end not symmetrical with the other). 
Different el^tricities will be at the opposite ends of the crystal. 
Topaz, silicate of zinc, cane-sugar, tartrate of K belong to this class. 

What are the laws of electrical attraction and repulsion? 

These laws are identical with those of gravitation — viz. (1) The 
repnIsio)i8 or attractions between two electrified bodies are inversely a^ 
the squares of their distance ; and (2) directly as the product of the 
quantities of electricity with which they are charged. 

These laws were determined by means of the torsion balance, which 
was also used for the laws of magnetism. 

How is electricity distributed? 

This depends on the extent of surface, and not on the mass. 
Electricity does not penetrate the interior, but is confined to the sur- 
face, unless in case of a discharge through a wire. This fact can be 
illustrated by electrifying a hollow copper sphere, a long strip of tin- 
foil, or a bird-cage. Sparks may be taken from the outside of the 
cage, but the bird and contents of cage will be wholly unaffected. 
In case of ovals or ellipsoids electricity tends to collect on extremities 
And at the most acute points, 
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Til is proiwrty of electricity is due to repulsion ; it tends constant 
to jiosH to the surfuce oi* bodies, and tlienec to escape, but is pi 
vnittMl by the n'sistance of the feebly-conducting atmosphere. 

I'Jhrtn'nif thuisitff or thickneM is the term used for the quant 
found on a ^ivcii surface. 

The loss of eleotrioity is due to what f 

1. hn)uTfi><*tion of insulating supports ; 
U. Conductivity of air. 

In an nnlinar}* vacuum all electricity escapes, tlie pressure of 
insulating' atmosphere being removed. The earth is always take 
ziTo jM)(rntiaI ; anything higher is i)ositive iK>tential ; anything lo 
as fn'c — H, is negative potential. 

How may electricity be transferred f 

(1) Hy conduction; 
(•J) Wy convection ; 
(iJ) Hy discharge: 

(fi) slow dissipation; 

(Jt) instantaneous ordisruptive by spark or blxish-po 

(1) If the conducting power be overtaxed, heat is produced, 
metals may be thus melted or vaporized. (2) Convection is ano 
way, but n<>t lien' <lue to gravity, as in case of beat. ^lolecules 
repelled and iro away, and others come in, and to this is due 
usual loss in experiments. (3) The discharge varies with the na 
and sliap(^ of the conductors and the difference of potentiala 

Describe electrical induction. 
In Fig. 107 the I (ilectricnty of F separates the neutral electri 

Fl(J. 107. 

B 

ZI3 
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of A B, and holds the — next to itself on A, and repels the -f 
B. At N is a neutral point. By touching B with the finger, \ 
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KremoviDg thie conductor from the influence of F, A B eau be 
Sed with — electricity alone. 

B Desoribe tbe ^Id-leaf electroscope. 

>fc An electrometer measures electricity. A galvanometer anil torsion 

Itwlance detect and measure electricity. The pith-bail electroscope is 
not very de1ieat«, and the gold-leaf variety shows the presence of 
J deotricity, and also its kind. A gloss jar haa a metal rod posaiug 
through its cover and terminating above in a knob and below, inside 
the jar, in two stripH of gold-leaf The air in the interior is dried 
, by qniotliine. When an electrified body is brought near the knob, 
it decompofies the neutral electricity of the system, attracting to the 
" knob electricity of the opposite kind, and repelling electricity of 
' the Bame kind to both leaves, which consequently diverge. 

To ascertain the land of electricity, suppose the system charged 
I with -f E. This can be done by bringing — E. near the knob. This 
holds + E. next t« it by induction, and if a finger touches the lower 
part of the knob, it will take off — E. Now remove the finger, 
then the electrified body, and -|- E. will spread over the system and 
cause the leaves to diverge. If an e.vcited glass rod be. now 
approached, it will repel + E. to the leaves, and cause them to 
diverge more widely. If an excited shellac rod be presented, the 
leaves will collapse, being attracted by the opposite electricity. 

What are some of the electrical machines T 

The electrophorus, or electricity- bearer, was invented by Volta. 
Its principle, like that of all other electrical machines, is that of 
induction. In Fig. 109 B is a cake of resin placed on a metallic 
surface or in a form lined with tin-foil. The encer is a metal disk 
with a glass handle. Flap the resin with catskin and it becomes 
cbai^ged with — E. Then put on the cover, and owing to the mi- 
nute roughnesses of the resin, it only cornea in contact with a few 
points, so that the resin does not lose its charge, being n poor con- 
ductor. It induces + E. on the under surface of the cover, and 
— E. is repelleil to the upper surface. Now take off this free and 
repelled — E. by touching the ujiper surface of the cover with a 
«r (Fig. WB). Remove the finger, and at the same time the 
cover from the resin, and it will be charged throughout with + R 
JS ft knuckle is brought near it a smart spark passes. 
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This property of electricity is dae to repulsion ; it tends constantly 
to pass to the surface of bodies, and thence to escape, but is pre- 
vented by the resistance of the feebly-conducting atmosphere. 

Electrical density or thickness is the term used for the quantity 
found on a given surface. 

The loss of electricity is due to what? 

1. Imperfection of insulating supports ; 

2. Conductivity of air. 

In an ordinarj' vacuum all electricity escapes, the pressure of the 
insulating atmosphere being removed. The earth is always taken at 
zero potential ; anything higher is positive potential ; anything lower, 
as free — ^E, Is negative potential. 

How may electricity be transferred? 

(1) By conduction ; 

(2) By convection ; 

(3) By discharge : 

(a) slow dissipation ; 

{h ) inst antaneous or disruptive by spark or birush-points. 

(1) If the conducting power be overtaxed, heat is produced, and 
metals may be thus melted or vaporized. (2) Convection is another 
way, but not here due to gravity, as in case of heat. Molecules are 
repelled and go away, and others come in, and to this is due the 
usual loss in experiments. (3) The discharge varies with the nature 
and shape of the conductors and the difference of potentials. 

Describe electrical induction. 

In Fig. 107 the + electricity of F separates the neutral electricity 

Fig. 107. 

of A B, and holds the — next to itself on A, and repels the -h to 
B. At N is a "'»"^«>i point By touching B with the finger, and 




irill prevent a heavy oharpe in either. If + E. is wanted connect 
B wilh the earth ; if — E, connect A. 

Desoribe the Holtz machine. 

It ooDaiHti^ of two glass pktcs, one a little larger than the other, 
placed 3 mm. apart. The poslericir one ie insulated and etationary, 
and has two windows out i;i it at the opposite ends of any diameter. 
The anterior or amaller plate can be rotated, and has in front of it 
two braas combs which are connected respectively with two brass 
roda teroiinatin;; in knobs. There are pasted upon the eilges of the 
windows in the stationary t'lass tongues of thin cardboard coated 
with shellac. These are called the armatures, and serve the purpose 
of an electro phorus. To work the machine, one of theee armatures 
has first to be primula, e. electrified — for example, with a piece 
of hard rubber. The whole working is complex, but the principle 
is illustrated in Fig, III. A is a revolving glass plate situated 
between D, a piece of hard rubber, and a comb B. U corresponds 
to the armatures mentioned aliovc. Let — E. be excited on D with 
oatdiin, It will induce 4- E. across the glass on comb B, and repel 
— E. to N. But the comb readily gives up its + E. to the revolv- 
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The metallic form on which the cake rests is important, as it 
increases the quantity of electricity and makes it more permanent. 



Fig. 108. 



Fig. 109. 




What are the chief types of plate machines? 

1. Simple plate; 

2. Holtz continuous electrophorus ; 

3. Wimshurst's. 

The first used was a ball of sulphur rotated between the hands 
(Von Guericke). Next was a ball of resin, and next a globe of 
glass ; in each case the hand acted as a rubber. Next came a cylin- 
der of glass rubbed by cushions, and finally a plate of glass. 

The simple plate machine consists of a positive or prime conductor 
A (Fig. 110) and a negative conductor B. C is the glass plate, and 
D the rubber made of leather and amalgam. E, F, G, H, are 
insulated supports, and I a silk insulating bag. K is a chain used 
to connect either conductor with the earth. On one end of the 
prime conductor at L are two combs, one on either side of the plate. 
M is a pith-ball electroscope. When the plate is turned friction 
generates + E. on the glass and — E. on the rubber. As the elec- 
trified plate comes opposite the combs it attracts — E. and repels 
4" E. The reason that this end of the conductor is a series of points 
is that the attracted — E. may readily escape to the plate, and there 
it will neutralize the + E. of the glass, leaving the conductor charged 
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1. in diameter produces sparks 13} in. long. Neither the inventor 
jr acy textbook gives a full explanation of its action. 

VhBt are some of the experiments with electrical machines? 

The spark, according to its length, may be a straight line, a curve 
"ith branches, or a zigzag. One may be obtained from an electrified 
"inman body standing upon an insulated stool. 

The electrical chomes consists of three electrified bells which attract 
ind then repel little brass balls placed between them. The electrical 
rhdrl or vane is made of radiating pointed wires, all bent in the 
same direction, fixed to a central cap placed on a pivot. When 
placed on a prime conductor, it will revolve in a direction opposite 
to that of the points, due to the escape of electricity from a point 
and a repulsive action of the electrified air. It would not whirl in 
a vacuum. It is stationary in water, which is a good conductor, but 
rotates in olive oil, which is a poor conductor. The blast of electri- 
fied air can be felt or it may blow out a candle. 

Condensation of Electricity. 

Describe a simple condenser. 

A condenser stores up a large amount of electricity on a small 
sorfiioe. It consists in all cases of two insulated conductors, sepa- 
rated by a non-conductor ; the principle is induction. 

Any of these condensers may be discharged by connecting the two 
plates. It may be done slowly or instantaneously : if by the latter 
way, a dischargmg-rod is used, consisting of two bent brass rods united 
by a hinge and provided with glass handles. A discharge does not 
consist in a simple union of positive and negative electricities, but a 
Bcries of partial discharges or oscillating currents, alternating in op- 
posite directions. 

What is Franklin's plate ? 

Franklin^s plate, or the fulmwatnig pane, consists of a sheet of 
glass held in a wooden frame and i)artially covered on both sides by 
strips of tin-foil; one strip is insulated, and the other connected 
with the earth. After being charged counection is made by touching 
both coatings ; if by the hands, a violeiit shock is felt, the combina- 
tion taking place through the body. 
16 
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ing glMB ; 80 the ssTstem B N 18 left cliarged with free ~ E. When 
the gkas disk has made a half revolution, that part charged with 
- E. arrives at comb B', and polarizes B^ P, repelling + E. to P, 
and drawing off the induced — R fix)m B'. Thus the two con- 
ductoi^ will alwajk-s be chaiged with the opposite electricities, and a 
steady flow of sparks passes between P and N. The power of the 

Fig. IIL 




machine is strengthened by suspending from the conductors two 
a unit tijiers, which are only two small Leyden jars. Becoming charged 
by the working of the machine/ and discharged at the same rate by 
the knobs, they strengthen the spark, which may be 6 or 7 in. long.. 

Describe Wimshunt^s machine. 

Tliis is the simplest and most efficient of all induction machines. 
It consists of two circular glass disks, about i in. apart, mounted on 
a fixed horizontal spindle in such a way as to be rotated in opposite 
direi'tions. Bi>th disks are well varnished, and attached to the outer 
surface of each are narrow radial sections of tin-foil. Attached to 
the spindle on which the disks rotate is a bent conducting rod, at the 
ends of which are two fine wire brushes. At the back is a similar 
one at right angles to that in front. There are two forks provided, 
with coml>s directed to¥rani each other and toward the two disks 
which rotate between them. The combs are supported on Le^^den 
jars, to which are also attached the dischargers. 

The machine is entirely self-exciting, and requires neither friction 
nor outside starter to excite it. The initial charge is probably ob- 
tained frtKD the electricity of the air. A machiiie with 12 plates 20 
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in. in diameter produces sparks 13} in. long. Neither the inventor 
nor acy textbook gives a full explanation of its action. 

What are some of the experiments with electrical machines? 

The spark, according to its length, may be a straight line, a curve 
with branches, or a zigzag. One may be obtained from an electrified 
human body standing upon an insulated stool. 

The electrical chomes consists of three electrified bells which attract 
and then repel little brass balls placed between them. The electrical 
whirl or vane is made of radiating pointed wires, all bent in the 
same direction, fixed to a central cap placed on a pivot. When 
placed on a prime conductor, it will revolve in a direction opposite 
to that of the points, due to the escape of electricity from a point 
and a repulsive action of the electrified air. It would not whirl in 
a vacuum. It is stationary in water, which is a good conductor, but 
rotates in olive oil, which is a poor conductor. The blast of electri- 
fied air can be felt or it may blow out a candle. 

Condensation of Electricity. 
Bescribe a simple condenser. 

A condenser stores up a large amount of electricity on a small 
surface. It consists in all cases of two insulated conductors, sepa- 
rated by a non-conductor ; the principle is induction. 

Any of these condensers may be discharged by connecting the two 
plates. It may be done slowly or instantaneously : if by the latter 
way, a discharging-rod is used, consisting of two bent brass rods united 
by a hinge and provided with glass handles. A discharge does not 
consist in a simple union of positive and negative electricities, but a 
series of partial discharges or oscillating currents, alternating in op- 
posite directions. 

What is Franklin's plate ? 

Franklin's plate, or the fulmmatwg pane^ consists of a sheet of 
glass held in a wooden frame and partially covered on both sides by 
strips of tin-foil; one strip is insulated, and the other connected 
with the earth. After being charged connection is made by touching 
both coatings ; if by the hands, a violent shock is felt, the combina- 
tion t' ' ^ through the body. 
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Describe the Leyden jar. 

The Leyden jar (named from a town) was accidentally and pain- 
fully discovered by a Frenchman in 1745 while charging a jar of 
water. It is a modified condenser or fulminating pane rolled up. 
It consists of a glass bottle of any convenient size coated inside and 
out for about two- thirds of its height with tin-foil, or the jar may be 
filled with gold-leaf, using no tin-foil inside. Through a perforated 
cork passes a rod, terminating in a knob and communicating with 
the inner tin-foil. Like any condenser, it may be charged by con- 
necting one coating with the ground and the other with the source 
of electricity (Fig. 112). The ground connection may be made by 

Fig. 112. 




hand, and-f E. on the inner coating will hold — E. on the inner 
surface of the outer coating, next the glass. The repelled -f E. 
goes off through the hand, and is not felt. It may also be charged 
by holding it by the knob and presenting the outer tin-foil to the 
machine. It is best discharged by the discharging-rod. 

Where does the electricity reside in a Leyden jar? 

It resides in or 07i the surface of the glass. The tin- foil is only a 
conductor, collecting electricity, while the glass holds it. This can 
be proven by a charged jar with movable coatings. It may all be 
taken apart and placed on a table. If put together again, it can 
give a shock nearly as great as before. The glass, being a poor con- 
ductor, did not lose its charge. 

The amount of charge depends upon the extent of surface, and 
is inversely as the thickness of the glass. There is also a residtial 
charge, as though electricity had entered the glass. A second spark 
can be taken after the jar is allowed to rest a short time. 
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What u a Leyden battery T 

Leyden batteries arc made of a aeries of such jars, wliose outside 
' mid inside coatings are respectively connected with each other. Seri- 
^ ous or fatal results may ocuur from auch battfiries. Tuuch the dis- 
' chftTging-rod to the outside coating first. 

What are the effects of electric dischargee? 

( 1 ) PhyaioJogical j 

(2) Luminous; 
(3j Heating; 

(4) Magnetic; 

(5) Mechanical; 

(6) Chemical. 

(1) The physiological effects are those produoed on living beings 
or on those recently deprived of life ; they are shown by the sensi- 
bility and conlnictility of organic tissues or by violent mitscukr con- 
tmctiona. A charge of a. Leyden Jar was passed through a regiment 
of I50() men as they joined hands. 

(2) The color of the spark varies with the nahire of the Iwdiea, 
the surrounding medium, and the pressure. In air it ia white and 
brilliant, and its speotrnm full of dark lines ; in vacuo it is violet : 
in H it is reddish ; and between charcoal points it is yellow. There 
may be an actual transference of matter, accounting for these dif- 
ferent colors. Geissler's tubes, the electric egg, the luminous square 
and hottle are constructed to show luminous effects. If bite of tin- 
foil be pasted on a gloss at slight intervals, so as to represent any 
object, we may get a reproduction of such object in luminous flashes 
as sparks leap across Irom one tin-foil to another. 

(3) The spark is also the source of most intense heat. Substances 
ure thus vaporized to get their spectra. Illuminating gas may be 
thus ignited or mines and blasts exploded. 

(4) Discharging a spark at right angles to a steel wire or needle 
makes a permanent magnet of it, or the needle may be niajtnetiKed 
by patting it in the centre of a coil of fine copper wire and paaaing 
a spark through the wire. 

(5) The mechanical effects are violent lacerations, fractures, and 
sudden expansions, which ensue when a powerful discharge is passed 
through poor conductors. 
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Its dm 
tographed. 

Thiiiider Ih the sound resulting fror 
passage of tlie apurk or frum tim coudenautLou of a) 
about fifluen luileH. 
What is the nse and proper Brran^meDt of lightalag-rods ? 

As iLg iii'iiidjilu of li^littiiiig is inJiiulLuiL, it may he jiussiljlu tor 
the eleclricity of u high objei^t ud earth to eseupe slowly by puiuts, 
.and HO prevuDl ao instaDtaoDous discharge, as between a cloud uod 
K house. This is the object of lightning-roda, but should the poten- 
tials of the opposite electricities be too great, the rods must be of 
sufficient size und so applied as to conduct (he sudden discharije to 
the earth and not to the house. 

Good rods, properly applied, absolutely protect a house ; bad ones 
invite disnsler. The whole subject was invcstiguled in IS82 by a 
convontiou iu England, and the following points were established : 

(1) The Hjiaee protected by a rod is a cone the height of which is 
the height of the rod, and the diameter of its base is one and a 
half to two times the height of the rod. 

(2) The upper end of the rod should be solid and blunt, and 
should have radiating from its sides near the estrcmity four sharp 
points made of solid plalinum or nickel, and gilded so they will 
remain blight and polished. 

(3) The material for the rod should be Fe or Cu. Copper is the 



bett«r conductor. May use an Fo pipe I in. 

with c. 

14) Sice- — If Fe is used, it must have six timi 
ofCu. The miniuium croas-Hection tbr Cu is .1 
The minimum for Fe is i in. ; better be I in. 

(5j Shape amounts to little; round is better. 

(6) Joints must be perfect. A tape of Cu c 
no joints. 

(7) Paint the rods except at the points. 



diameter packed 



i the sectional are 
I. ; better be .4 it 
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(6) The chemical effects are deoompofiitions and recombiDations. 
Two gases may be combined or compound ones be decomposed 
Water, NHs, C,H4, and H^ may be decomposed. The chemical 
effects of statical electricity are by no means so varied as those of 
dynamical. 

What is the duration of the spark and Yelooity of electricity? 

The duration of the spark has been determined by reflection from 
rotating mirrors. Wheatstone found it to be 34^00 sec. , but Lucis 
and Cazin consider it to be between 23 and 46 ten-millionths of a 
second. 

The velocity was also determined by catcbing reflected sparks on a 
revolving mirror. When the sparks pass between knobs ^ in. apart, 
but with \ mile of wire interposed, the velocity is found to be 
288,000 miles per sec. — 50% greater than that of light. By some 
the velocities of light and electricity have been thought to be the 
same; and this is very plausible. 

The velocity of dynamical electricity in wires is far less than the 
above, and through submarine wbes is comparatively slow. It is 
about 62,000 miles per sec. in iron telegraph wires or 111,000 in 
coppor ones. Delayed telegrams are therefore not due to slow elec- 
tricity. 

Atmospheric Electricity. 

What did Franklin prove? 

The atmosi)horo always contains some free electricity ; it is usuaUy 
j , and that of earth is — . It may be caused by friction of layers 
of atniospherc. 

Jjightning is the li<rht of the electric spark which shoots from 
cloud to cloud or cloud to earth when oppositely electrified. A Ley- 
den jar can be charirod in a rain-storm by means of a kite. A Rus- 
sian physicist was killed in experimenting with electricity from a 
liirhtning-rod. 

Franklin in 1 752 discovered the identity of lightning and electricity 
by means of his kite experiment. There are six points of resem- 
blance : 

1 . Mechanical effects — fractures non-conductors ; 

2. Fires combustibles ; 
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.i. Heatii substaiic^cs and melts them 

4, Gives aLocks; 

5. Has odor of omine — brimstone smell ; 
fi. nush of lightning resembles the ordinary zigzag spark. 

Its duratiou is leas thiin looiaog sea It can bo pho- 
tographed. 

Thunder is the sound resulting Irom the concussion of air at the 
passage of the spark or from the condensation of air : it eim be heard 
abuut Utieen miles. 
What is the use and proper arrangement of lightnli^-TodB ? 

As the principle of lightning is imluclion, it may lie possible lor 
the electricity of a high object on earth to escape slowly by points, 
aiid so prevent an instantaneous discharge, as between a cloud and 
a huuse. This is the object of tight uiag-rods, but should the poten- 
tiids of the opposite electricities be too great, the rods must be of 
BuflicienT size and so applied as to conduct the sudden discbarge to 
the earth and not to the house. 

Good rods, properly applied, absolutely protect a house ; bad ones 
invite disaster. The whole subject waa investigated in 1882 by a 
convention in England, and the following points ivere established : 

(1) The space protected by a rod is a cone the height of which is 
the height of the rod, and the diameter of its base is one and a 
half to two times the height of the rod. 

(2) The upper end of the rod should he solid and blunt, and 
should have radiating Irom its sides near the extremity four sharp 
points made of solid platinum or nickel, and gilded so they will 
remain bright and polished. 

(3) The nialeriul for the rod should be Fe or Cu. Copper is the 
better conductor. May use an Fe pipe 1 in. in diameter packed 
with C. 

'4) Siix. — If Fe is used, it must have six times the sectional area 
of Cu. The minimum cross-section for Cu is .1 in. ; better be .4 in. 
The minimum for Fe is i in. ; better be 1 in. 

(5) Shape amounts to little ; round is better, 

(6) Joints must be perfect. A tape of Cu tan be used, having 

(7) Paint the rods escept at the points. 
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(8) Glass iiunilators are of no use ; may use metallic clamps. A 
system of gas- or water-pipes or a metallic roof should be connected 
with the rod to prevent lateral discharges. 

(9) The ground connection is most impdrtaDt. Carry end of rod 
below the level of ground-water into an old well or water-course, and 
surround its base with old iron or charcoal, all being good conductoni. 



CHAPTER XXV. 



DTNAMIOAL ELEOTKIOITY.— BATT£SIES.-£L£C- 

TBIOAL UNITS. 

What is the history of dynamical electricity? 

The frug wa.s the founder of it, and had already been used as an 
electroscope fur electrical machines. Galvani, a professor of anat- 
omy at Bologna, cxj)crimented with a frog in 1780, and thought the 
legs and nerves rej)reseiited a Leyden jar. On connecting the lum- 
bar nerves of a dead fro.ir with the crural muscles by a metallic cir- 
cuit, the muscles were briskly contracted as though the ner>^e were 
♦ , the musclt; — , and the rod a discharger. He said that a "vital 
fluid" flowed alone: this rod, and he paid most attention to the ani- 
mal, lie found, liowevcT, that he got best results when his metal 
conductor was made of Zn and Cu. 

Alexander Volta, a professor of physics at Pavia, made up his 
mind that the contraction was due to contact of dissimilar metals, 
and the frog acteil as a discharger. 

Fabroni, a countryman of Volta, thought the phenomena due to 
chemical action, ]ioti(in<r that the zinc was oxidized. 

(jrreat controversies arose, but it seems that the contdct and chem- 
ical theories are })otli true : more recently opinion has inclined 
toward the contact theory. In England, Wollaston, Davy and Fa^ 
aday supported the chemical theory. 

Discuss current electricity. 

When a plate of Zn and one of Cu are partially immersed in 
dilute H2SO4, no chemical or electrical change is apparent beyond 
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the iliseiigagement ut' a few II bubbles on the Zn pkte. If the two 
be placed in direct contact, or better, be connected by a wire, chem< 
icai action sets in and H bubbles in large qnantities collect, not on 
ibe Zn, bnt on the Cu pkte. If tlie wire be examined, it will be 
found to possess remarkable heatinj;, mi^inetie, nnd other properties. 
When two spheres are charged with statical electricity, one + and 
the other — , a cODnecting wire equalizes their potentials. If we 
can imagine some agency which renews the difTereut eleetrical con- 
ditions a« fast as they are discharged, the phenomena in the wire 
will be continuous. This ia what takes place when two met4kk are 
in contact in a liquid whieh acta upon them uneiiually ; the rapid 
equalisation of potentials in the wire is continuous, and is called the 
electrical current. It may be illustrated by the condition which 
determines the flow of water between two reservoirs at different levels. 
If the lower reservoir be so large that water added would not affect 
its level, as the sea, anri if the higher one could be kept at a con- 
slant level, there would be a eoiistant flow between them. In 
speaking of current in electricity, nothing actually flows ; there is 
no trajisfereoce of matter. We speak of current much iu the same 
sense as we say sound and light travel. Electricity does not travel 
through tubes like water, but through solids, and does not seem to 
overcome any inertia. 

Describe a voltaic cell. 

A voltaic fiemeiit. couple, or cell consists of tv 
contact jilaced in a conducting li'inid. 

A fHitfer}/ is a series of cells pmperly con- 
nected. The chemical action upon one mctnl 
must be greater than upon the other, and the 
melal most attacked is called the positive or 
generating, and the other one is the negative 
or collecting pkte. 

The direction of the current in the liquid is 
always from the plate most attacked. 

The pole or electrode (way of electricity) of 
a plate ia the terminal of the plate or end of a conductor attached 
to the plate (Fig. 113). Now, the —pkte (e. {/. Cu) has the I 
pole and Zn the — [miIc ; so we must not confound poles with 



metals in metallic 
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plates. In 8i)eaking of direction, that of the + electricity is always 
understood. Dr. E. Curtis uses the following mnemonic : 

copPer ziNc. 

The big P means that Cu has the Positive Pole and Pours electricity. 
The big N means that zinc has the Negative i)ole and ^' Nabs " elec- 
tricity. 

What is an eleotro-motive series? 

An electro- motive series consists of a list of the most electro-posi- 
tive and electro-negative substances: the former are at the first of the 
list. When any two of these are connected, the current in the wire 
proceeds from the one lower in the list to a higher one. The mere 
immersion of two different metals in a liquid is not sufficient to pro- 
duce a current ; there must be chemical action. Zn is most often 
the I element, but not always; it depends upon the fluid. A solu- 
tion of Na^S would change the direction of current with Zn and Cu, 
and the latter would be the -f plate. 

Zinc, Iron, Silver, 

(yadmium. Nickel, Gold, 

Tin, Bismuth, Platinum, 

Lead, , Antimony, Graphite. 

Copper, 

Define potential and electro-motive force. 

Potential, electro-motive force, pressure, and tension are similar 
terms. 

Potential is the diiferenre in electrical conditions. It represents 
a stored force, and is i)rcsent before the wires are connected. The 
current tends to diminish it, but chemical action restores it. It is 
to electricity what temi)erature is to heat. Lightning has high 
potential and but little electricity ; a voltaic cell has small potential 
and much electricity. Potential and quantit}^ are comparable to a 
barrel of water placed on a height and a pond of water at a lower 
level. The force in each drop of water in Niagara depends on the 
height of the falls, and not on its association with other drops. 

Electro-motive force is the force by which the current is impelled 
forward, by which it is set in motion. It bears the same relation to 
cl'^ctricity that pressure does to water, and is proportional to the 
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number of cells. It depends upon the material, and nut upon the 
j size of the pUte, and in greater in (irupurLiuii tu the distance of the 
two metals from eat-h other in thi! above series. 

Cells and Batteries. 
Cells are of two kinds— the one-Jluiii poll and the two-fiuid eell. 
I The elements of a battery are the cells whidi compose it. The ele- 
', menle of a cell are the metals, the fluid, etc., which compose it. 

Describe the voltaic pile. 

The voltaic pile or battery was devised by Volta himself. It coii- 
ttisix of a series of disks of Cu, cloth, and Zn piled one upon the 
other. At the boUom, on a framework of wood, is a Cu disk, then 
one of cloth moistened with acidulated water or brine, then one of 
Zn, and bo on. They are kept in verlieal position by glass rods. 
The highest disk in 'An, and is the — pole ; the lowest is Cu, and is 
the t- ixile ; the current flows in the wire connecting them. 

What was the " crown of cups," CmikBhank's, and Wollaston's 
batteries ? 

The cfiumiine de tiiiaes is said to have been invented by Volta in 
18(J0, before the voltaic pile was devised ; othera say that Davy in- 
vented it. The elements were placed in a circle, each containing a 
Zn and a Cn plate immersed in a solution of salt in water. Tlie Cu 
of each cup was joined to the Zn of the next.. 

Cmikshauk improved upon this by soldering Zn and Cu plat«s 
together and cementing them water-tight into a trough, which thus 
becomes divided intonserieRof cells for the reception of the exciting 
liquid. These batteries were of enormous size. Wollaston used a 
similar method. Each Zn plate was surrounded with a sheet of Cu, 

iDOt touching, and this constituted a couple which could be immersed 
in the vessel containing the dilute acid, usually ^ IT.,SO( and -^ 
HNO). A number of couples were fixed to a cross-frame. The Ou 
of one was soldered to the Zn of the second, and this in turn was 
snrronnded by the second Cu, and so on. The effect was equal to 
that of a dynamo, but lasted only for a few minutes. 

Seaoribe Hare'a deflagrator. 
Hare rolled together large sheets of Cu and of Zn in form of a 
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spiral, but piv.'<i*rve<l fnim direct ouDtact by bauds of leather or 
ill ir>i'- hair. The whule was immened in a vessel of acidulatel 
water, aii'l the two plates were oooneeted ontside the liqiud by a 
wire. It ii< i-alled drHngnitnr, on aocouDt of its great heating effects. 

To what is the enfeeblement of cnrrents dne t 

III the simple cell aiiil in the batteries above mentioned there is! 
the u)ij<M-tion that the currents rapidly diminish in strength. This 
i.s due tu three eauMrs: 

( 1 ) Neutralisation of the add ; 

(2) Local action ; 

(3) Puhirizatiun. 

( I ) Tlic first is niH*oHHar)'f fur the current 'depends npon the using 
up of the acid and Zn. The remedy is replacement of more acid 
and Zn. 

( 'J) All commercial Zn contains impurities, as C and Fe. If such 
a plate is immerHed in dilute IljSOi) each particle of Fe forms a 
He))ur«ite little vohaic (*ell with the Zn. This ^'coasting trade'* be- 
tween the Zn and the impurities u|X)n its surface diverts so much 
fnnii tJM.* reLMilar i»att4'ry-4-urnMit, and weakens it. It also wastes 
<iieiiiieals, beeause thes*; hn-al or scKxindary currents continue when 
the n-^nilar cum'nt i.s broken. Tlie remedy is to rub Ilg over the 
Zn, called amnhjamntiuu. Tliat covers up impurities, and the 
anialL'arnat<Ml Zn tlieii liehavea like pure Zn. 

Ci) [N»larization iiHaii.s the collecting of bubbles of H on the nega- 
tive \)\\\W.- -t. //. on tlie ( 'ii plate. Tlie lilwnitcd H has nothing to unite 
with clM'niically. and a plate coated with U is more electro-pasitive 
than ii.'^ual, and the dift'erence of potentials between the two plates 
becomes less and less, and there is a tendency to produce a current 
in the contrary direction to the principal one, and so destroy it 
wholly or i)artially. TImj Cii plate tends to become a plate of H. 
Tlu^ II bubbh's may bt; brushed off by a swab or the Cu plate be 
(exposed to air. 

Why does H appear at the Gn plate ? 

This is explaintid by the hypothesis of Grothiiss. The chemical 
decomposition is Zn : ITaSO^ ZiiSO* -t Hj. 
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! Id Fig. ll41ettliei;iruleMl,2, a, etc. repreucut moIoculeB of HiSO,, 
Eonnecting llie plates. Thi; SO, uf molecule I unites with a molecule 




of Zn, mid seta free H,, Tliiw iiLsmmly anitea with SO. of molecule 
2, forming a new nioleeule, 1', of FI,SO„ and settine; free the H, of 
molecule 2. This H, unites with SO, of 3, and forms 2', and so on 
until H, of molecule 6 is set free on the Cu plate. The molecule of 
H that escapes is not, therefore, the same molecule that was tirst set 
free at the Zn plate, 

Sescribe the Smee cell. 

Polarization can be reaiedied by mechanical or chemical means. 
The Smee cell is an example of the former class. A silver plate or 
one of platiDum is coated with a fine powdery deposit of Pt, which 
makes it bo rough that H will not readily cling to it. This plate is 
suspended between two Zn plates, but not allowed to touch. Dilute 
H,yO. is the liquid used, 1 to 7 in strength. Kleinents are Ag + Pt 
powder, Zn, dil. n,SO.. 

Walker's cell is similar, where platinised graphite is used for the 
— plate. This battery is much used for telegraphy in England. 

A battery may be made by causing the Cu plato to revolve in the 
liquid, preventing deposition of H by ftit-tion. Not a very practical 
^BKthod. 

mechanical meauii can whollj- prevent |)olarization ; it i^n onlj 
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Describe Grove's cell. 

Here great E..M.F, is obtained by using a — plate of Pt instead 
of Cu, and by surrounding it with HNOj instead of OuSO,. Note 
that the Zn plate ia here on the outside. A glass vessel is partly 
filled with H,SO. (1 to 8). Next oimea a cylinder of Zn open at 
both ends, and inside this ia a porous vessel eont-kintDg ordinary 
HNO,. Immersed in this is a plate of Pi bent in form -of an 8 
and fixed to a cover to keep back irritating orange-colored iiimes of 
nitric oiide. The H, coming through the cup upon the Pt is 
disposed of thus : 

2HN0, + 3H, = 4n,0 + N,Oi. 

The objection to this form of battery is the expense of the Pt and 
the suffocating ^aa NjO,. If NH^NO, is raised with the HNOj, 
these lumes are almost wholly decomposed. 

The Tyndall-tiruve form is a modification, having a hard-rubber 
case, a shallow cup of HNO, containing a small strip of Ft, and the 
Zn is a flat thick plate with radiating arms. This form may be used for 
electric lights, but runs down soon and dues not hold much acid. The 
E.M.F. of a Grove cell ia 1.8 to 2 volta, 80S greater than a Daoiell, 
and its internal resistance is 20^ of a Dauiell; so its strength is 
about nine times greater. 

tf Zn + H^O, diL 
Elements are ■! Porous cup. 
IPt i HNO,, 



kscrifae tbe Buuen cell. 



This variety is known s 
where the expensive Pt ii 
Bunsen suggested a peculi 
or a compressed mixture c 

The vessel F (Fig. 116). 
amalgamated Zn. 1 
the rod of carbon. 
about the same. 



the zino-earbon cell. It is a Grove's, 
replaced by a cylinder of C. In 1843, 
r kind of C, either that from gas retorts 
coke and coal. 

intains H,SO.. Z is a hollow cylinder of 
porous cup tor HNOj, which shall contain C, 
is cheaper than Grove's, and the E.M.F. is 



rZn+H,SO.ail. 

The elements are < Porous cnp. 

( Gas carbon and HNO,. 



liiiii 



BlniLiji 11(1 fumes arc ).' 



1 off. 
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How doei chromio acid depolarize f 

In iheso riitrit-iu^id batlcries tlie fumes may bndly oorrode the 
ftpIMiiiilmeiibj of n laboratory. Rnd chrunne add may be used inat«ail 
of HNt\; i'. e. a mixture whidi prodiieea chromic acid: 
Taku water, till 56 by wt. 

" sulphuric awd, 25^ " 
" potufl. bichn>iitat«, B^ " 
TliL' chromic afid is redut-cd by the H, U> chromic oxide, wliich 
uniles with H,SO, and faroia chiomio sulphate : 

f ■<'■ "'■ 2H,CrO. + 3H, - 0,0, + 5H,0 ; 

Cr,0, 4 3H,80, = Cr,(80.), + 3H,0. 
Describe the Grenet cell : vhat is electropionf 
The above dcfiolurizer ia used in the Grenet ct-U ur 
bottle Imtterj' iFig. 117). Two carbon (ilaleB an? 
fltatioimry in the liquid, and between thoui mn br 
|)lniifiwl a '£n plate Thia ia withdrawn when the 

m" hiittpry is nut in use. There is no porous tup, and 

the cell nmy be said to be one-fluid, and thia fluid in 
the mixture given above, and ia called elcctttrphn: 
it is officinal. It can also be readily made of 1 part 
of the potash salt. 2 of n,SO„ and 10 of H,0. 
1 jiroducfs potassium sulphate and the depolarizer, chromic acid, 
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Electropion. 

k,Cr,0, + H,SO. + H,0 = K,SO. + 2H,CrO.. 

The reaction of H, with pure H.^CrOj is giveu above, but tliat is not 
(juile correct ibr this mixture, where chrome alum is a product : 
Chrome alum. 



K,Cr,0, + 4H,S0. f 3H, = K,SO. + Cr,(SO.). + 7H,0. 

Bicliromataorsodium, Na,Cr,0,, is better than bichromate of potas- 
sium, for it givea no ebrome ahini and makes more soluble compounds. 

Thia style of batt«r>' has an E.M.F. of about l.R, aoil iB ueeful 
where a constaDt current is not required. The liquid soon becomes 
eshaQBt«d, crystals of chrome alum form, and the battery wants a 
rest, after which it again acts. 

The elements are | ^ P'"^' ""'^^'^ ^n, C plate. 
I Electropion. 
Describe the Leclanche cell. 

Here Zu anil a Hol. of sal ammoniac act as the exciting ageots, and 
peroxide of maiigiinese is the depolarizer {Fir. 118). A rod of C 
(c) is tightly packed in a porous pot fio. 118. 

with a mixture of equal parts of MnO, — -. 
and pas carbon covered with pitch. The ^y-^ 
C plate projects and constitutes one 
electrode. Ouieide all this is a glass 
ressel about one>third full of a Strang 
Bol. of NH,CI, about 5 oz. to the quart. 
In this is the + metal, a rod of Zn. 
The reaction is Zn f 2NH.CI -ZnCl 
+ 2NH, + H,. The MnO, gives off 0,, 
slowly, and the H, bubble!* pass through 
the porous cup and form Wiilor with the 
0,. 

This sal ammoniac solution seems able 
to " crawl," from the porosity of the C 
plate, and forma local currents at its 
binding-screw. This may be mostly prevented by soakinj: tlie pl;il 
before use with melted paraf&n, which prevents the capillary action 

The above style is the Disqiie: a more recent one is the Pi-i»m o 




I Gtiii'ht, wticrc the poniuM cup in dispcnscil with, and ihc (' jikli H 

buuiiil helwcun Iwu flut priHiue made uf the doiilile L-liloride of inn ^ 
I Mill nnimonim mixud witb MnU, and j^raiiliUe. Either furm baa u 
E.M.K. of 1.4^ volts, cmils no nosiuua fumes, and can Btand iT. 
of — Hi" (J. They arc ni)t suited Tor electro- platin^^ or closed lAtf- i 
raphic cirriiita, but are used in Fnaoe altogether tor open cmuUl 
work whuru thunt tan iiiit^rvala uf rest Cells have been uaeil nil 
fvsxa without renewal uf sint-s, and onlf one renewal of sal ainiu 
niau. Tboy arc uscfid lur ringing bells nud burglar alumis. 
( Zn + NH,a. 
Tlie ukiiienis aru (Dlsque form) \ Porous cup. 
iC + MnO,. 
There ix also the Law cell and Diamond -Carbon cell an niodifiu- 
tiona ol' liVcianohiS'a. 

Deacribe a gravity cell 

Tbis variety, u^ain, dimpeiiseB with the porous cup, and the twii 
fluids are kepi aepunite hy the dilTerenees of sp. ^r. Fig. ] 1 rct|>' 
^_^ ,j^ n^Rcntg the form known as Cal- 

laud's. Cu is placed in a boL of 
CuSO, at the bottom of the vesel, 
and Zn is suspended in a m\. n( 
ZnSO. near the top. At first wi- 
ter is poured u(ion the vitriol ctvs- 
(uls, and lo start the actjon a little 
cDnmion salt or H,SO, has to 1« 
added lo the Zn; then ZoSO, 
firadiially forms and floats on tli« 
heavier CuSOi sol. The reacdun 
isjuBt as inDaniell's cell; luelallic 
Cu is deposited on the Cu plat«- 
Tbc separation of the two fiuids is 
.■er eomplel«; some of the Cu 
rises and deposits copper on 
: sine, and so neutralizes the cle- 
iiiB. This is n I'ery economical 
and constant battery, tiiid is iiinch u«;d in lliis I'uuiitry for telegraplty. 
The E.M.F. is about 1 volt. 
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What u the silver-chloride cell? 

This cell, also known as Dc la Rue and I^liillcr's. lias come into 
quite general use for hospitals and physiciuns i'miu its compai^ness 
and eificiency. It is of the test-tube 8il^>e and size, the tube being 
closed by a paraffined stopper, perForated to admit the electrodes. 
The tube contains a weak aol. of NHjC! (23 to 1000), in which is 
placed a rod of pure Zn, and also a silver wire which is embedded 
in about i ot. of AgOl conlained in a uylinder of parchment paper. 
The latter is the depolarizer. The H and the NHj gases unite with 
the AgCl and reduce it tu metallic silver, reforming NH,C1 ; thus : 

Zn + 2Nn.Cl = ZnCl, + 2NR, + H, ; 
2NH, + H, + 2AgCl = 2NH.C1 + Ag,. 

A battery haa been constructed of over 14,000 of these cells. The 

E.M.F. ia 1.03 volts. 

What is the Eulphate-of-meronry battery 1 

Thin Is iitwil Ibr medical pocket haltcries, and consists of two 
or more s^niall Zn ^carbon cells, each 1 in. square and i in. deep. 
The C is placed at the bottom of a hard-rubber cup, and the Zn, 
resting on a ledge, forms the cover, A few prains of bisulphate of 
Hg to the teaapoonfui of water are placed in the cupa, and the acid 
of the bisulphate unites with the Zn, setting Ilg Iree, which amal- 
gamates the Zn. 

Describe Zamboni's dry pile. 

In dry piles the liiiuid ia replaced by eolid hygrometric sub- 
stances, as paper or leather. 1000 or 2000 paper disks, coated on 
one side with tin-foil and on the other with peroxide of manganese, 
are closely compressed in a glass tube. Huch a pile can ring a bell 
or give aparka, and haa been adduced to prove the contact theory of 
voltaic electrieity: but chemical action is probably present, caused 
by dampness in the paper. 

There are many other kinila of batteries, but the preceding are 
standard varieties. 

What is the compaiatlTe strength of the different cells ! 
Tlic E.M.F. of a Smee cell is Jl.i volts. 

" Gravity cell ia .^%-\,t!% -jOa*. 



i 
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The E.M.F. of a Silver-chloride cell is 1.03 volts. 





DanieU 




1.05-1.16 volts. 




Leclanch^ 




1.48-1.60 " 




Grenet 




1.80-2.3 " 




Bunsen 




1.96 




Grove 




2. 



This mcariA it would reiijuire 200 Smee cells to equal 65 Grove cells. 

Compare voltaio with statical electrieity. 

There arc no currents in statical electricity; in dynamical there is a 
constant Hourec. The former is under enormous tension ; the latter 
hus but little. 

A hatterj- of over 8(KK) A^Cl cells ^ave a spark of only J in. in 
onliniiry atuioHphere. Statical electricity has little quantity; we 
could pet more electricity for decomposing purjioscs out of a voltaic 
cell the size of a percussion cap than we could out of an electrical 
uuu'hine in fifU'en minutes. 

There is no eeononiy in electricity from a galvanic battery as a 

substitute for steam — a use of zinc instead of coal. The latter has 

six times as niu<h energy. 1 lb. of coal when burned can produce 

(•»,()(M),()(H) it. -11). of work, and 1 lb. of Zn 1,000,000 ft. -lb. Zinc 

only ^Mves up part of its energy when burned, and further oxidation 

eould occur. 

ZuO + C Zn ^ CO ; 

VO \ O- CO,. 

Zinc costs 2') times as much as coal, so the total is 125 to 150 times 
more expensive. 

Kiiuines oidy give ])ack 20-25% of total energy, and with 
electrical machines w(^ can recover about 85% ; but with ideal 
arrangements in both zinc- costs 40 times as much as coal. So elec- 
tricity from a battery comes in for occasional use ; electricity pro- 
duced by steam is economical. 

What are the electrical units ? Compare them with similar 
terms used in speaking of water. 
The electro- motive force is independent of the size of the plates, 
and depends on the number of cells and the nature of the substance 
used. 
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Hie B.M.F. of a large cell m no greater than that of a small one 
le kind. It corresponda to preaauie or head in water, und 
its unit ia one uJl, which is about the pressure of a. gravity-edi, or 
H that of a DmikU'x cell. 

The gwrntitji is the suiount of electricity developed by any source ; 
it depends on the extettt of surface of the zinc : the larger the sine, 
ihe greater the quantity. Quantity and intensity are not quite the 
same: the intensity is a part of ([uantity, and is the amount that 
can fiuw from the fount^iLn-head in a unit of time. 

The unit of quantity with reference to time is one co)iIamb, and 
that amount of electricity will deposit .001 134 gm. of Ag. per. sec., 
or will set free .0000105 gm. of H per sec, A stream of water 
might be described by stating the number of quarta which flow 
throngh a given pipe per sec., and m uu electric eurreiit may be 
estimated by stating the number of coulombs passing through a con- 
ductor iu a second. 

The i|uantity of electricity passing a conductor — j. e. the rate of 
flow — determines the etrenglh of the current When the quantity 
passing is 1 cnulomh per sea, theatrengthof cnrrent is 1 amplre. A 
current of !0 coalombs has a strength of 10 amperes; so the ampere 
is the unit of current strength ; it does not refer to the energy of 
the current. It is also the strength produced by an E.M.F. of 1 
Tolt through a resistance of 1 ohm. A milliamp^re is the ihuu- 
saodth part of this. 

A coulomb may also be defined as the quantity delivered by a one- 
am|)ire current per sec. There is no unit analogous to the ampere 
for measuring liquid currents. 

The raista-iicK is the hindrance offered by a conductor to the pas- 
sage of a currenL It is comparable to Iriction or obstacles in the 
way of a liquid current. The unit is 1 ohm, and the legal ohm is 
represented by the resistance offered by a column of pure Hg 1,06 
metre high and with a cross-section of 1 sq. millimetre, or it is about 
the resistance of a copper wire ^ in. in diameter and 250 ft, long. 
1 rolt sends 1 ampere through I ohm in 1 sec. To express multi- 
ples and submultiples the terms megohm and microhm are used. 

The farad is the unit of oapacif!/, and is such an amount that in a 
condenser of 1 farad capacity the quantity of 1 coulomb produces a 
difference of potential of 1 volt. This is a verv W%ft "miw, »a 'Coa 
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capacity of the sun does not amount to 1 farad. A millionth put 
of this, or the microfarad, is a more practical unit. 

A Ijeyden jar with a total coated surface of 1 sq. metre and the 
flings 1 mm. thick has the capacity of ^ microfarad. This unit cor- 
reH)>ondH to the cubical contents of a reservoir for water. 

The tcatt is the unit of energy, and represents the woric done by 
I uin))dre when impelled by 1 volt It is thus a voltamp^: 
W C X E.M.F. This amount of ener^ry i>cr sec. is 7^ of an 
Kn^'lish h()rHe-])owcr. It is analogous to the energy of a liquid car- 
n>iit which is obtained by multiplying the weight of water falling by 
the (listaii(*o it falls. 

Tht^ uIm)vc units are called practical units in distinction from abso- 
hito or universal units founded on the C.G.S. s^'stem. (See p. 39.) 
Two varieties arc used, electro-static and electro-magnetic unit& 

Summary op Units. 

Eloctm-motive force, E.M.F., is measured in volts. 

Quantity of electricity, *' coulombs. 

Stn^n^'th of current, C. *' amperes. 

Resist ance, H. ** ohms. 

Capacity of a condenser, '* farads. 

KiuTL'^v of current, ** watts. 



What are some of the instrnments used for determining these 
units? 
Tlie rhrnsfdf is an instrument by which the resistance of a given 
circuit can ho incrtMiscd or diminished without opening the circuit. 
Tiic water rheostat introduces the resistance of water into the circuit: 
som(» clianirc the IcuL'th of a wire introduced, others emphy resist- 
(inn'-coih. Tiics(» are made of German silver wire, which has high 
resistance and is calibrated for a certain number of ohms' resistance. 
It is wound double to neutralize any outside induction. These coik 
from .01 to 100 ohm resistance, are placed in a resistance-box and 
attached to its cover. Holes are in the cover, one between each 
coil, and when these are ()ccui)ied by copper plugs a current can pass 
through the cover without resistance. Remove a plug, and the cur- 
rent has to i)ass througli a coil in order to get around the hole. 
These are more accurate than rheostats. 
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What is the Wheatatone bridge ? 

This m ail iiisl run lent lor uiuasurmg ud unknown resistance by 
conijiarison with u knuwn reaisUincc IFig. 12oj, Lei two eondactore 




wboee resistance ia known, A B and li C, be uuniicttud end to end 
with the poieu of a batter}', and let these code, A and 0, be aim eoii- 
neoted by auother conductor, A B' 0. A current must ihen pass 
by each of two paths. For everj' point in A B C there is a point in 
A B' C, which has the same potential. At G ia a jtalvaiio meter. 
Let one end of ita wire be fixed iit B. The point B' whieli has the 
same pot«Dtia! on A B' can be tbiind by shifting B' toward A or 



C till the galvanometer shows 

through B <r B'. I.et the resietanoe of the four wires 1: 

and It', and it follows that r : r' =s: »'. 

Suppose an unknown resistance be introduced at B' C 
must place known resistancc-coila between A 
and B' to bring the needle back to nonnol. 
Tlirce terms of the above pro|Kirtion are known, 
and the fourth or «' can be found. 

Illnstrate the use of shunts. 

Tlin priiiL'ipIe of divided eircnils is seen in 
nhiiiits, where any proportion of a current may 
be transmitted through a galvanometer (Pig. 
121). They consist of a Bet of resistanecs, 
i, ^, and fij, that of the palvanomelcr. ti 
and G' are connected with the galvanometer, 
P and P' with the battcr>-. The gaps 0. A. B. 
C can lie closed by plugs, and these resistances 
be introduued. If all are open, the entire cur- 
rent passes through the galvanometer. By 
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plti^gin^ O, nunc ikihhos through the galvanometer ; by plugging C. 
i^A pahM'8 cr. If resistance is i, the current at C is represented by 
U, and that thnmgh G^ by 1, or ^^^ of the whole. So the obscneil 
ciim>nts luiLst Ix; multiplied by 10, 100, and 1000 respectively to get 
the principal current& 
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DETECTION AND MEASUBEMENT OF VOLTAIC CUB- 
RENTS. 

What are Oersted^s experiment and Amjidre's role? 

Mairnetic effects are most suitable for measuring and ascertaining 
the existence of voltaic currents. Oersted's experiment (1819) was 
that l)y whu'h it was found that a fixed current has a directive action 
on a magnetic needle. Place a current in the magnetic meridian and 
let it pass over a needle. The needle will tend to take up a position 
which is more nearly at riirht angles to the magnetic meridian in pro- 
port ion as the current is stronger. There are four wa^'s for the cur- 
rent to pass: alM)ve or below the needle, and from N. to S. or S. to 
N. Ampere has L^iven a simple rule by which we may remember in 
which way thi' needle will be deflected. Peraontfy tlie current^ and 
thr north nnl nf fhr mrdJr iriU (tho(V/s be deflected toioard the left— 
I. /. if we iuiairine ourselves swimming in the current and with the 
current, and <i/tnit/s lacing the needle, its north pole will turn to our 
left. 

Describe the galvanometer. 

The f/fffninoinrff r or nnt/fiplifr or rheometer is a delicate apparatus 
to determine the existence. dire;!tion, and intensity of currents. To 
understand th(i principle, let us suppose a magnetic needle is sus- 
pended by a silk thread and surrounded in the plane of the magnetic 
meridian by a V\\ \virc in n np q ( Fig. 122). When a current i)asses 
it wijl be seen that a swimmer lying in it and facing the needle will 
always have his hift hand turned toward the Siime point of the hori- 
zon, indicating the deflection of the north pole of the needle. 
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I The uction of the current pasaiu^ nbuie and beneath Lhe needle 
B been multiplied. Should there be sevemJ uiirrenta— /. t. a siuaSl 
■e around the needle — the aution is more multiplied and the 






defieetion increases. To gut rid uf the directive action of the earth 
on the needle an astatic system is used (Fig. 123), uud the action 
of the current is now the only agent, of deflection. The cotuplete 
instnimeut is seen at G id fig. iS. A brass plate revolves upon oue 
beneath it, supported by leveUing screws. Inside the glass case is 
fixed a i)a tnme on which is wound the coils of insulated Cu wire, 
surrounding one needle of the astatic systetu, the upper one being 
alone vimble. Over the Irame is a. gra.duated circle marked to 90° 
on either side of a point. The length and diameter of the wire 
vary with the purpose for which the instrument is used. 

There are long-coil and short-coil galvanometers. 3(l,ono turns 
of wire may be used for \ery delicate experiments. 

Thompson invented a marine galvanometer not affected by the 
pitching of the ship. The iudicatur is a spot of light deflected to 
one side or another according to the direction of the current 
What are the tangent and the sine galvanometerfl T 

With the usual gHlvanumeter there is no law connecting currcntr 
strength with the deflei;tion of the needle. A tangent galvanomel«r 
is based on the printiiple that the intensity of the current is directly 
pru|H)rtional to the tangent of the angle of deflection. In the cen- 
tre of R vertical Cu ring 12 in. in diameter is a short magnetic nee- 
dle. The ends of the circle are connected mth the current to be 
tested, and the value of the deflection of the needle is obtained from 
a tabic of natural tanirents. This is adapted for currents of low 
potential. Another liimi. the sine galvanometer, is used for puwei- 
ful currents. 
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DiscuM 0hm*8 law. 

Ohm pnivoil that the strcn^h of the current is in vcrsely as the 

n's(i^(taluv aii<l diRvtly as the E.M.F. As generally expressed, thf 

sfitnt/fh tpj thr atrrmt m t^utii to the dectro-nuAive force dicidtii }>^ 

E 
thf re*istnnce. C = |. ' From this law all electrical calculations are 

made. 

The n*i«istance of a conductor depends on three factors : ( 1 1 its 
con<ltU'tivity : (2) its section; (3) its length. 

Each substaiM*e has its own peculiar condactivity. The smalleT 
the section, the ^nreater the resistance ; the greater the length, the 
^>ater the n'sistance. iSo the strength will be inversely as the 
lonirth. aii'l flin'rtly :i8 the section and conductivity. 

Ill an on I i nary wW there are two resistances to be considered: 
( 1 ) tliat otfrnMl hy the liiiuid conductor between the two plates, the 
inhrii'if n s is f finer, or R : and (2) that offered by the conductor which 
i-unnot't.s the two platos (Mitside the liquid, the external rftutancr. 



ox r. Ohm's fonnula now reads C = 



E . 



R + 



Internal rosistan<-<' also de)H^nds upon the above factors, beinc 
^n*attT :is \\\v «listaiM»« of th«' plates apart is greater, and decreasiDg 
as tlu* arra oi' \\w platts Milmierired increases. 

p «li>tainr of jilatcs apart (longth)_. 
anas of plates submerged (section) 

What is tin* stniiL^h of current where E = 100 and R the total 



resist a lire 1(mm»/ V 



Hm) volts 



'I' 



. ' =0.1 ampere. 

riie n'sistan«M- of tin- Inunan iHwly is about 1000 ohms. If we 

iiKTease the l.att. ry f..n-.' to 1 .")( m ) volts, then C =- * —1.5 am- 
pen'. wliirh is fatal. 

Tljf H. M.l\ iA' a l>iin>tii <tll is al>out 1.0>^ volts, and its internal 
resistance K h. j nlnn. Cnunect the |Hile8 with a short thick Cu 
wire. So as to eliminate external re>istanee. and we have 

K 1 s 
V , ' . 1'"^ amperes, 

li • r (». 1 * 

If any nnnilxT of similar elements arc joined together — e. g. 6 — 
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Let 6 cells work, then = 



times llie inlcriial resistance. 
r may be neglected, and 

iKS ; i. f. a battery of several 

(ire effect than a single element 



1 3 ump^rei 



a marked decrease from 



T=t"«=6.75 I 






there is S times the E.M.F., 
If we "short circuit " the ciir 
_1.MX6_ 10.H 
0.1X6 
elements produces in this c;Hse 
Ttiis is when it does no work. 

Bv giving it work, and calling the external resistance 1 ohm, 

^o!t« 

1 ohm + 1 ohm 
the 18. 

I-S XG _ 
{0.1XG) + 1 

So 6 cells do not ^ivc 6 tiniea the current that 1 cell dpes — about 4 
times as much. Wc may say, however, that the strength is propor^ 
tional to the nimiber of elements when the estemal resistance is very 
greul, as hi a telegraphic circuit, and where the internal resistance 
may he. disrc^-nr.Ieil. 

In what ways may oells be arranged in battery formation 1 

There are two principal ways, known as kccmw and pariM-l — aeries 
fiir iittenxity, and puralleS, mttlliph arc, n'lln by n/ifc, for qiuiiility. In 
the parallel or abreast method (Fig. 125) all the zincs are joined 
tojrether and all the coppers, ihua forming a single large cell. 
The E.M.F. is not increased, for this depends on the nulure 
til' the suhstances useij ; hut the internal resistance will be B times 
less, for this factor is diminished by increasing the size of the 




lii|uid conductor. Instead of u 

numerator of the fmlion p reniauia ll 

denominator. This gnes i/uiiulity at expense ol intensity, and is 
the pni[>er armngement where the (|uantit\ required is large and 
nw'stiince low, as in elettro plilnin' 



.mff lanre plates, which would be 
iiilur plates In this method the 

i hut we decrease the 
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Now, instead of aUowing the current to pa^^ts directly out of eadi 
cell, as in Fig. 125, if it goes through another cell, as m Fig. 124, 




wc iiii^lit expect that either the two cells would counteract each 
otlier or cIhc double the E.M.F. The latter is true, and the 
K.M.F. is practically proportional to the number of cells connected 
in Hn'it'H or taudeni. In hydrostatics the liquid pressure in six tubes 
of t lie Hanic size, placed side by side and connected with a horizontal 
IuIm; at the iMittoni, is only the same as that in any one of the tubes 
alone. But if the six are joined end to end in a vertical series, the 
presHun^ is hIx times as great. So by this latter arrangement we 
liiive iiitrnsitji at the expense of quantity, the internal resistance 
bein^r increased sixfold. The series method is the one for along 
t(^l(%'rapli line or electric lighting, where there is high resistance, 
and intensity must be great enough to overcome it. 

Let K 1 volt, R r> ohms, and r — 200 ohms, and let 10 cells be 
connected abreast : 

We multiply 5 by i\). because R varies inversely as the size of the 
li(iuid conductor. 

By series metliod, ^^'~~lr\7^^\\~l^orj^'^•^^^ ampere — more 

than S times as strong as the abreast method. Here R is increased 
tenfold, as the current has to pass through 10 cells. 

(.\)mbinations of the above methods may be used, two series of 
three cells each may be joined in parallel, or three series of two cells 
each. There are four ways for arranging six cells, and six combina- 
tions for twelve cells. In all of them the product of the current 
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strength in anip6res by the E.M.F. id voltH must remain the same, 
since each I'aclor varies inversely as ihe other. 
That are the qualities of a perfect battery ! 

1. HighKM.F.; 

■2. Constant E.M.F,; 

3. Small ani constant internal resistance. 

No butteiy fulfils all these conditions. 

The cost of the battery, tho use to which it is put, and the trouble 
of keeping it inorder determine which of these qualities shall be 
given up. 
Wliat are the acoeuory parts of a large battery 1 

Galvanometer, rheostat, induction imW and inl^miplfir for Faradie 
current, current selector, selet-tor for number of cells in circuit, coni- 
mnnicator for changing poles, rheophores for attachment of elec- 
trodes. 



CHAPTER XXVn. 



EFFECTS OF CURRENT. -ELECTRIC LIOHTmo.-ELEO- 

TROLYSIS.-ELECTRO-METALLURaY.-STORAaE 

BATTERY, 

Wliat are the effects of the current? 

1. Pfajwological ; 4. Chemical; 

2. Heating ; 5. Inductive ; 

3. Luminous ; 6. Mechanical. 

What are the physiological actions T 

Protoplasm seems to have the general |«wer of contracting upon 
the apjilication of a voltaic current. On opening and closing the 
circuit which courses a muscle, a contraction will result. By very 
rapidly inl^mipting the current the muscle can be thrown into a 
stal« of phi'siological tetanus. 

Muscles hav'e natural electrical currents or ciiireiiln of i-ext. A 
muscular contraction is accompanied by lieal, lounJ, change in slutpe, 
difnu'enl change, and electiiciil c/uiiige. 
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Tlic influence of a current on nerves is to throw them into a state 
of activity, and. (le|>cn(ling on their functions and endings, a puio 
may be pnMluced, a flash of light, or a sense of taste. Living nerve- 
ti»Kuo is found to have a certain electro-motive state, parts beiiur 
ele<tro-iM>8itive to other parts. On passing a current the alteration 
of its natural electro-motive condition is called electrofomis. The 
condition of the nerve close to the -f pole or anode is called andec- 
tmtunuH ; that near the — pole or kathode is katJielectrotonm. Tlie 
oxeital)ility of tlie nerve is diminished in the former region and 
increased at the latter. According to the strength and direction of 
the current there are certain laws of contraction at the making and 
breaking. These facts are taken into account in the scientific appli- 
cation oi' electricity for nie<lica] purposes. 

'I'Ik; nioveuient which causes Venus's fly-.trap, a carnivorous plant, 
to ciirlose an insect is accompanied by an electrical current 

Describe the heating effects of the current. 

'I'lu'so eftocts de|>end on the conducting power of metals and 
HtriMi^th of tlie current. A short thin wire, having great resistance, 
will lu'conif boated or incandescent. Edison got his first idea of the 
elect lie li.L^lit Ironi this iact. With a powerful batter>' all metals are 
iiu'lte<l. V\\ lias not been fused, but has l)een solVoned, so that two 
rods could be welded to<,'etbcr. Mines are fired or blasts exploded 
by heatiiiir small n^sistant wires wbicb are surrounded by the 
exi)losive. Siirirically, ^'alvano-caustic instruments are useful. A 
platinum wire lieate<l to ()(M)° (\ removes tumors without hemor- 
rhage, and at ir)(i(i'^(\ it cuts like a knife. 

Another application is in saffh/-phi(/s^ which are strips of lead 
interi)osed in strouL^ currents, as from a dynamo. They are of such 
siz(^ that a current of* certain strength will melt them, and so break 
the circuit ; ti current cannot thus exceed a certain limit. 

What are the laws of heating effects? 

There is always resistance to a current; otherwise when once 
started it would remain in motion for ever. If there is no extermd 
resistance cmtside the dynamo, heat is jcenerated within it. 

The laws of luxating effects arc determined bj' a galvano-ther- 
mometvr : electric wires enter a vessel containing alcohol in which is 
placed a thermometer. The ibllowing law is established : The hent 
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dUeiigaged it), a gi'ivn time in prnportional directly to the equate of 
the strength of current and to 

Joule's law, aD(l is expressed H = C'R(. C = anipfirea, R = ohms, 
( = seconds. 

It is fi>und thiLt when a given weight of Zn is dissolved in 5,80,, 
ft definite meaautable i|uantity of htat is always prexineed — an csact 
relation between heating effect and the work of a battery. 

What ii the importance of eleotrio veldingi 

Since IBSI^ this application of electricity has been highly devel- 
oped by Prof. Thomson. It consists in uniting pieces of metal by 
pressing them together, end to end, and heating the joncttire hy an 
electric current; only so much of the metal is included in the cir- 
cuit as is necessary for this purpose. The alternating current from 
a dynamo is employed and applied by a special machine, the wdiler. 
An B.M.F. of only about 1 voit is used, hut an immense quantity 
of about ]6,0<W amperes. The pieces to be welded are rounded, so 
that contact is first made in the centre. Time required is ] to 2 sec, 
for fine wires, and 2 to 3 min. for heavy bars. The ranj;e is almost 
unlimited, embracing welding hitherto considered impossible. Cast 
iron, Cu, Pb, Sn, Zn. brass, German silver, or bronne can be welded, 
each to ita own kind or any one to any other one. Welds by this 
process resist the severest testa and are approved for strength and 
tenaeily. 

Describe some of the InmlnoiiB effects of the current. 

Urilllaiit Bparkfl are seen when the two terminals of a battery are 
brought together or separated. Metal terminals in atrun;; currents 
■ven diamonds melt like tallow ; so the best reatilts are obtained with 
carbon terminals, which are leas fusible. 

There are two kinds of electric light: (1) the arc, and (2) the 

Beaoribe the arc light. 

The electric light was discovered by Sir Humphrey Davy in 1801, 
but could not be utilized for seventy years, until eleetrieity could be 
cheaply produced. 1*1 two carbons be in contact nntil they are in- 
candescent, and then, if they are removed about ,^ to | in, , nceordinff 
to the current, a luminous are will extend between the two. The 
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charcoal wears away on the + pole, making a crater, and is heaped 
upon the — pole, making it pointed. Tlie -f- pole is the hotter, 
about 2400°-3900° C, and most of the light comes from the tips of 
the carbons. The -f- pole wears away about twice as fast as the — 
one, and in the usual lamps of New York about 2 long C sticks are 
used up in one night 

Gas graphite is used, as it bums slowly in air, otherwise a vacuum 
would be necessary. The arc is not formed of sparks, but of incan- 
descent particles of carbon ; its color and shape depend on the nature 
of the conductors. Its length is much greater in a partial vacuum : 
it is attracted by a magnet. 40 or 50 volts at least are necessary for 
a small arc light. Two d3niamos and an engine will cost about $6000, 
and will supply 260 lamps with 16 candle-power. The running 
expenses are about the same as for gas. 

Describe some of the regulators of the electric light 

The great difficulty is to keep the carbons at a proper distance, 
else the light goes out or varies in intensity. They must be auto- 
matic. The use of broad carbons partly obviates the difficulty. 
Wheels of C have been tried. Alternating currents may be used, 
which cliange the direction of the waste. One carbon may be 
placed on a cylinder floating in glycerin, its base connected with a 
cup of Hg. The float rises slowly as its C wears away, and it may 
be regulated by weights. 

The chief ways are by a train of clockwork operate, hy an electro- 
magnet and In/ solenoids. (See p. 280. ) The first was invented by 
Foucault, and has received various improvements. The carbons are 
attached to brass rods supported vertically and connected with the 
clockwork. When they are in contact or too close, the strong cur- 
rent which passes through the electro-magnet attracts the armature 
operating the clockwork, and separates the carbons in opposition to a 
weight or spring which tends to bring them together. As the cur- 
rent producing the separation becomes weakened by the increased 
resistance of the arc, a balance is struck between the opposing 
forces. 

The solenoid method is used by Siemens, Brush, and others. 
Here the upper carbon-holder is moved against gravity by an arma- 
ture to which it is attached, K (Fig. 126). This armature moves 
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FlQ. 12fi. 

Tertican; in the cen^ of a aoleooid coil throujch nhich the current 
passes. As it is attracted upward, a clutch on its side grips the edge 
_ of a loose washer, and that lifts the carbon- 

holder, R' or R'. Fig. 126 shows this, and 
Fig, 127 shows its' application to a double-car- 
bon lamp. The clutch on the left is narrower 
than the one on the tight, so the left pair are 
kept apart till the right ones are consumed, 
when the change of resistAuce brings the left 
pair into contact. 

Deuribe Hefoer toil Alteneck's reg^olator. 

This regulator is of the solenoid variety, and 

is used in the Brush light. It is of import- 
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charcoal wean away on the + pole, making a crater, and is heaped 
uiN>n tlie — pole, making it pointed. Tlie + pole is the hotter. 
about U4iJ(J°-39(X)** C, and most of the light comes from the tips of 
tlie carbons. The + pole wears away about twice as fast as the - 
one, and in the usual lamps of New York about 2 long C sticks are 
iiHcd up in one night 

(xas graphite is used, as it bums slowly in air, otherwise a vacnum 
would be necc8sar>'. The arc is not formed of sparks, but of incai)- 
dcscont particles of carbon ; its color and shape depend on the nature 
of the conductors. Its length is much greater in a partial vacuum: 
it is attracted by a magnet. 40 or 50 volts at least are necessary fur 
a small arc light. Two dynamos and an engine will cost about $6000, 
and will Hup])ly 260 lami)s with 16 candle-power. The running 
expenses are about the same as for gas. 

Describe some of the regulators of the electric light 

'fhe iUTcat difficulty is to keep the carbons at a proper distance, 
els(» the light goes out or varies in intensity'. They must be auto- 
matic. The iLse of broad carbons partly obviates the difficulty. 
Wheels of C have Iw^cn tried. Alteniating currents may be used. 
wliieli cliaii^'e the direcrtion of the waste. One carbon may b( 
pla(!(^(l oil 11 cylinder floating in glycerin, its base connected with i 
cup ol' IliT. Tlu^ float rises slowly as its C wears away, and it ma] 
b(! reirnlated bv woitrhts. 

■ • * 

Tlui chiel' ways an; by a frnin of clockwork opefcifed }yy an electro 
vi(f(/nf'f andhi/ so/nn)i(/s. (See p. 280.) The first was invented b; 
Foucaiilt, and has rctcMved various improvements. The carbons ar 
attacluMl to lirass rods supported vertically and connected with tin 
clockwork. Wli(»n tlu\v are in contact or too close, the strong cur 
rent which j)asses tlirouirli the electro-magnet attracts the armaturt 
()peratin<r the clockwork, and separates the carbons in opposition toi 
weight or spriuir \vliicli tends to bring them together. As the cur 
rent producing the separation becomes weakened by the increasec 
resistance of the arc, a balance is struck between the opposing 
forces. 

The solenoid method is used by Siemens, Brush, and others. 
Here the upper carbon-holder is moved against gravity by an arma- 
ture to which it is attached, K (Fig. 126). This armature movea 
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rtically in the centre of a solenoid coil thmuf:h which the current 
passes. As it. is attracted upward, a clutch on its side grips the edge 
of a loose washer, and that lifts the carbon- 
holder, R' or K'. Fig. ]26 shows this, and 
Fig. 127 sliQwa ils' up plication to a douhle-car- 
bon lamp. The clutch on the left is narrower 
thiin the one on the right, so the left pair are 
kept apart IJU the right ones are consumed, 
when the change of resistance brings the left 
pair into contact 

Describe He&er von Alteneok'e regiulator. 

This regulator is of the solenoid variety, and 

is used in llie Brush light. It is of iiurHirt- 
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volts and a current strength of 0.43 amperes will overcome a resist- 

Tf 1 1 '^ 
ance of 267 ohms : R = p =rrz^ = 267. 

The same current gives 49.4 watts; W = CXE = 0.43X115 

49 4 
= 49.4. Street lamps have ahout 16 candle-power = -rr- =3.08 

16 

watts per candle. The relation of voltage, candle-power, and cur- 
rent strength is here shown: 

Volts, 96 98 100 102 104 

Candle-power, 12 13.9 16 18.3 20.8 

Amperes, 0.71 0.73 0.75 0.77 0.79 

Life of C in hours, 2875 1670 1000 614 386 

Chemical Effects of Current. 
Define and discuss electrolysis. 

Electrolysis is decomposition by the voltaic current. An dectrolyte is 
a compound which may be resolved into its elements by this means. 

The products of decomposition 
. are ions^ the kation and anion ap- 
pearing respectively at the kath- 
ode ( — ) and at the anode (-h). 

Wat^r was formed sj^thetically 
in 1 78 1 . It was first decomposed 
in 1800. In the bottom of a 
glass vessel fix two Pt electrodes 
p and n. (Fig. 133). FiU the 
vessel with acidulated water, as 
pure water is a poor conductor, and invert over the electrodes two 
glass tubes full of pure water. When this apparatus is interposed 
in the circuit of a battery, gas-bubbles rise from each pole. The 
volume of that liberated at the — pole is twice that of the other. 

The former is H, and the latter 0. There is not 
quite the right proportion of H and 0, as a little 
of each dissolves in water. O3 and H2O2 are also 
liberated. 

H and the metals are alwaj^s found at the — elec- 
trode, and they arc said to be electro-positive, 
attract. Non-metals go to the + pole. O is the most electro- 






Wt. 


Vol. 


H = 


= 2 


2 
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= 16 
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18 
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Describe the incandescent lamp. 

The light here depends upon some sort of fibre heated red hot 
and placed in a vacuum, for C is volatilized at high T. in oxygen. 
Edison invented these filament lamps. Pt was first employed, but 
the heat required was just below its melting-point, and the world's 
supply of Pt would not be sufficient for lighting New York City. 
Carbon has 250 times the resistance of Pt, but has less resistance 
hot than when cold. So Edison next used pasteboard and tissue- 
paper carbonized. He finally found bamboo-fibre from Japan. 
These fibres are placed between nickel plates and put into a muffle, 
and are changed to C. The size of the fibre is that of a hair, and 
the shapes are various. 

The Maxim fibre has the shape of the letter M, is first carbon- 
ized by baking without air, and is then heated in coal gas, called 
flashing^ which deposits C and builds up the fibre to uniform calibre. 

Again, gun-cotton dissolved into collodion may be denitrated, and 
becomes structureless and homogeneous cellulose. It is soaked in 
ammonium sulphide, cut up into fibres, and made almost metallic by 
being carbonized. Though there is no combustion in the filaments, 
they usually break after a life of 600 to 1000 hours. They are at- 
tached to platinum terminals sealed into a globular glass bulb, so 
shaped as to better resist atmospheric pressure. A vacuum is pro- 
duced of iooigoo > oil *^he Sprengel air-pump principle. Air-pumps 
had to be perfected to make electric lighting a success. 

The current may be direct or alternating, but must be steady. 
Can sometimes see the fluctuations of the engines by watching the 
lights. An Edison lamp of 16-candle power requires a current of 
0.6 amperes, and has a resistance of about 170 ohms. Common gas 
produces 15 times as much heat as electric light, and vitiates the air. 
Electric lamps require no air, make no heat, create no combustion. 

Can get four times more light out of kerosene or coal gas by put- 
ting them into electricity. Burning them is wasteful. 

How are arc and incandescent lamps distributed? 

The arc lights require currents of 10 to 15 amperes, and the series 

distribution is most economical, the entire current passing from lamp 

to lamp (Fig. 129). Any variation in the resistance affects every 

lamp in the series, and the extinction of one will interrupt the cur- 

18 
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At. wt. 


Chem. equiv 


H - 1 


1 


Ag-108 


108 


Cu 63.4 


31.7 


Bi =210 


70 



4. The quantity of a body decomposed m a given time » propor- 
tional to the strength of the current. 

Illustrate the third law. 

Decompose water, lead chloride, and tin chloride. It will be 
found that for every 18 parts of HjO decomposed there will be lib- 
erated 2 parts of H, 207 of Pb, and 117 of Sn at the — elec- 
trodes, and 16 of and 71 (2 X 35.5) of CI at the + electrodes. 

These numbers are proportional to the equivalents, and not at. 
wts., of those substances. 



2H 

160 
18 H^O 



207 Pb 

71 q 

278 Pba, 



117 Sn 
71 CI 
188 SnCl, 



Let a battery current pass through \\iq followitf^ substances : 




K39 
1127 



Cu^^ 31.7 
08 



Ag 108 Au^^^ 66 Na 23 
8 CI 35 Br 80 



At. wt. of Cu is 63.4 -f- 2 = 31.7. 
At. wt. of Au is 197 -f- 3 = 66. 

For every part of H liberated, 108 parts by wt. of Ag will be dis- 
solved, 39 of K, or 66 of Au. An increase in cells does not increase 
the amount decomposed. 

Electrolysis proceeds according to equivalence : the same quantity 
that liberates 1 atom of a monad Uberates half an atom of a d3rad, 
and a third of a triad. 
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What is the converter? 

The incandescent light furnishes the chief employioent of the 
alternating current. In the line of direct currents resistance coUs 
are placed for the regulation of the supply ; in the alternating cir- 
cuit converters are used. A dynamo will supply 
perhaps 5000 incandescent lamps, and its current 
is of high potential and small quantity. This is 
required to be reversed at points where it is con- 
sumed, the lamps using a current of large quan- 
tity. The converter i» simply a reversed induc- 

Pio. 131, 



Fig. 182. 




{ 
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Dynamo. 
Multiple Series. 



c5ctj 



Dynamo. Dynamo. 



tion coil. The primary coil consists of fine wire, which receives the 
high potential current from the dynamo, and the secondary coil con- 
sists of coarse wire, which means low resistance, and so a large cur- 
rent is induced and supplied to the lamps. These converters are dis- 
tributed along the line mounted on poles or otherwise, and one will 
supply ten to eighty lamps. 



What is Edison's standard for street lamps (arc) ? 
Three watts per candle-power is the standard. An E.M.F. of 11^ 



274 



EHBENTIAL8 OF PHYBIC8. 



rent and cause the extinction of those beyond. This is obviated If 
antomntic att-outM, constructed on the principle of Hefner yod Alte- 
neck, and the full current is carried past an extinguished lamp. 

Fig. lao. 



Fio. 129. 




Dynamo. 
Serlt'H. 



Dynamo. 
Parallel or Multiple Arc. 



For iii('iui(U'S(H'iit lamps the pnraJlA system is best (Fig. 1301 
Two licavy copjKT mains issue fnwn the dynamo, between which the 
lamps are mounted on fine wires, taking off the current according to 
conductivity. Or a number of short series of lamps may take the 
place of sinirlc lamps on a parallel circuit; this arrangement is called 
multipJr srrits ( Fiir. 131). A^ain, groups of lamps in parallel may 
be placed in seri(?s, called sm'rs multiple. 

Edison has a l^-in'rc sj/sfem^ where two parallel circuits and two 
dynamos are (combined. A single central main takes the place of 
the two interior mains; this is neutral, while of the others, one 
is-} and one — (Fi^. 132). When an equal number of lamps is 
lighted in each circuit, the entire current flows in the external 
mains and across through the several pairs of lamps. If more 
lamps are lighted on one circuit than on the other, this increases 
the current on that circuit, and this surplus current flows through 
tlie central main. Three mains thus do the work of four, and as 
the oentral one only carries the surplus current, it is found its croes- 
l&eAm Gsn be reduced 13i % below that of the other two. 
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What is the converter? 

The incandescent light furnishes the chief employiaent of the 
alternating current. In the line of direct currents resistance caiU 
are placed for the regulation of the supply ; in the alternating cir- 
1 3uit converters are used. A dj^amo will supply 
perhaps 5000 incandescent lamps, and its current ^^^' ^^ 

is of high potential and small quantity. This is 
required to be reversed at points where it is con- 
sumed, the lamps using a current of large quan- 
tity. The converter 'v» simply a reviersed induc- 

PlG.181. 
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Dynamo. 
Multiple Series. 
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Dynamo. Dynamo. 



tion coiL The primary coil consists of fine wire, which receives the 
high potential current from the dynamo, and the secondary coil con- 
sists of coarse wire, which means low resistance, and so a large cur- 
rent is induced and supplied to the lamps. These converters are dis- 
tributed along the line mounted on poles or otherwise, and one will 
supply ten to eighty lamps. 



What iB Edison's standard for street lamps (arc) ? 
Three watts per candle-power is the standard. An R.M.F. Ck^ W^ 
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Nickel-plating has now become very important. A layer x^ftyxF in. 
thick may be formed. Commercial nickel contains nitrate of sodium 
and HNO3, and plating could not be done successfully till this im- 
purity was gotten rid of: ^ of 1 % was fatal to plating. Adams 
took out the first patent not to do a thing — ^viz. not to allow the 
presence of nitrates. Temperatui-e in india-rubber processes is 
patentable. 

A plate of pure Ni is the anode, or one of Pt and J Ni may be 
used, and salts of Ni and ammonium are in the bath. This makes 
an excellent plating for surgical instruments, but some say it is por- 
ous, as seen by the microscope, and so perhaps gives better lodgment 
for bacteria. 

The time required for electrotyping is about 2 hours with a dynamo 
direct current, or 14 hours with a battery current ; for silver-plating, 
3 to 4 hours with a dynamo. Gold is deposited with great rapidity : 
a few minutes' immersion is sufl&cient. Nickel-plating requires 15 
minutes to an hour with a dynamo. 

Zn, Fe, steel, Sb, can all be deposited ; when a film of the latter 
is broken, it becomes red hot, a peculiar molecular state. Copper 
plates can be steeled by an iron deposit of extraordinary hardness. 
In Ansonia, Conn., iron telegraph wires are coated with Cu; 15 
tons per week are deposited. Many works of art can be repro- 
duced ; even copies of daguerrotypes may be made. Electro-etch- 
ing can be done by attaching the article to the + pole, where it is 
eaten away. 

Hg is said to be removed from a patient by making him the anode. 

Other important applications of electrolysis are the refining of 
metals and the reduction of ores. Aluminium can now be obtained 
from its ores at a greatly reduced price. The process is Hall's, pat- 
ented in 1889. A steel crucible lined with C contains a bath of the 
double fluoride of Al and Na and of Al and Ca. The bath is fiise;! 
at a red heat, and AI2O3 is formed, dissolved in the bath. A dynamo 
then electrolyzes the alumina, but not the bath. 

What is the principle of the storage battery? 

When water is decomposed by Pt electrodes, is condensed on 
the + plate and H on the — plate. The effect is to produce a cur- 
rent in opposition to the original one. 
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negative element, and K the most electro-positive. Elements have 
been discovered by this means. Davy split up the alkalies potash 
and soda, and proved that they were oxides of hitherto unknown 
met'ils. Binary compounds are also decomposed, and a compound 
liquid is always split mto two parts, though it may contain three or 
more elements. 

When HCl is decomposed, C electrodes must be used, as CI 
attacks Pt. If the CI is liberated in an indigo solution, it will be 
bleached as the decomposition goes on: 



H 



O 

CI 



+ 



Salts in solution are decomposed, and the acid part goes to the 
-4- pole and the other to the — . 



Na, 
Cu 



SO4 
SO4 



+ 



Alcohol, ether, and the essential oils cannot be decomposed. 

What is secondary electrolysis? 

The group SO4 does not remain as such, but unites with water 
and forms sulphut^c acid. The Na, does not exist as free Na, but 
decomposes water and gives secondary^ products; viz. H at the 
— pole and at the other : this is secondary electrolysis : 



a 



What are the laws of electrolysis 

1. Ekctrolym cannot f alee place unless the electrolyte is a conductor : 
hence ice cannot be decomposed, as it is a bad conductor. 

2. The energy of the electrolytic action is the same in all parts of 
the conductor, 

3. T%e same amount of electricity decomposes chemically equivalent 
quantities ; i. e. the weights of the elements separated are proportional 
to their dhemiml equivalents. 

The chemical equivalent is the atomic weight divided by the 
atomicity^ and in some cases is the same as the at. wt. 



Na, 


S0« 


^ 


-0 


OH 


H 


OH 


+ 


OH 


H 


OH 




2NaOH 


H,SO. 


H,0 
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At wt 
H = 1 
Ag = 108 
Cu= 63.4 
Bi =210 



Chem. eqniv. 
1 
108 
31.7 
70 



4. The quantity of a body dfcomposed m a given time is pn^' 
tiomtl to the strength of the current. 

nioitrate the third law. 

I>iH*()m|HMe water lead chloride, and tin chloride. It wiD be 
found that for every IH parte of H,0 decomposed there wiU belib- 
onito<l 2 purta of H, 21)7 of Ph, and 117 of Sn at the — ele^ 
tnxK^. and U\ of O and 71 (2 X 35.5) of CI at the + electrodes. 

Tlu*Me niuuberH are proportional to the equivalents, and not at 
wU.. of thuec 8ubiitance8. 



2 11 

U\i) 
IS H,() 



207 Pb 

71 q 

278PbCl, 



117 Sn 
71 CI 



188 SnCl, 



lA'i II battery current paas through the following substances: 




I 



\ 



Kl 

o 

K :\\) 

I 127 



CuSO^ 

O — 

(V^:n.7 

08 



AgNOs AuCls NaBr 

- o o o - 



Ag 108 Au^^^ 66 Na 23 
8 CI 35 Br 80 



At. wt. of Cu is 63.4^2 = 31.7. 
At. wt. of Au is 197 -^ 3 = 66. 

For evcrj^ ])art of II liberated, 108 parts by wt. of Ag will be dis- 
solved, 39 of K, or Of) of Au. An increase in cells does not increase 
tJH^ amount decomposed. 

l^il(H;trolysis ])roeeeds according to equivalence : the same quaDtity 
that lil)erates 1 atom of a monad liberates half an atom of a d.vad, 
and a third of a triad. 
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What is a voltameter ? 

From the fourth luw is founded Faraday's voltameter. The in- 
tensity of the current is ascertained from the quantity of water 
which it decomposes in a given time. It consists of a glass cell in 
which the water is decomposed. This is connected with a flask con- 
taining water. The mixed gases expel the water from this flask, 
and the weight of the liquid expelled is a direct measure of the vol- 
ume of the disengaged gases. The gases may also be passed directly 
into a graduated tube. 1 coulomb sets free .000010386 gm. of H. 

The amount of current depends on the quantity of Zn dissolved. 
32.44 parts by weight of Zn will be decomposed while one part of 
H is being liberated, or to liberate .000010386 gm. of H will require 
.000010386 X 32.44 = .00033692184 gm. of Zn, and this number is 
called the dectro-chemiccd equivalent of Zn. 

Silver and copper voltameters are used, and the Ag or Cu liber- 
ated at the — pole is dried, washed, and weighed, and the weight is 
the measure of the current intensity. 

What are the disadvantages of the voltameter? 

It gives only mean intensity, and not strength for any given 
moment As it offers great resistance, it is only useful for strong cur- 
rents. It has to be corrected for pressure and T. Water absorbs 
the 0, and also H slightly. O3 and H2O2 are liberated and affect 
the result. 

Magnetic measurements are preferable, are delicate, and give the 
intensity at any moment. 

How is electric consumption measured? 

Gas-lighting would have been a failure had not the metre been 
invented. Edison saw the same difl&culty in electric lighting, and 
he uses chemical means, depending upon the amount of Zn dis- 
solved. His voltameter contains a wire and Zn of such size as to 
offer Y^ins of the whole resistance. In it are two compartments con- 
taining Zn. The agent takes out one Zn every month, weighs, ascer- 
tains its loss, and computes the electricity used. The other Zn is 
left undisturbed for a year or so, to act as a check. 

What ii eleotro-metallnrgy ? 

Electro-metallurgy or galvano-plastios is the art of precipitating 
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At. wt. 


Chem. equiv 


H - 1 


1 


Ag = 108 


108 


Cu= 63.4 


31.7 


Bi =210 


70 



4. The quantity of a body decomposed in a given time is propor- 
tional to the strength of the current 

Illustrate the third law. 

Decompose water, lead chloride, and tin chloride. It will be 
found that for every 18 parts of HgO decomposed there will be lib- 
erated 2 parts of H, 207 of Pb, and 117 of Sn at the — elec- 
trodes, and 16 of and 71 (2 X 35.5) of CI at the + electrodes. 

These numbers are proportional to the equivalents, and not at 
wts. , of those substances. 



2H 

16 
I8H2O 



207 Pb 
_71C1 
278 PbCL 



117 Sn 

71 a 



188 SnClj 



Let a battery current pass through the followit^ substances : 




KI 

— O— 
K39 
1127 



CUSO4 

— O — 



Cu^^ 31.7 
08 



I 



AgNO, AuCl, 
— O O— 



NaBr 

O- 



Ag 108 Au^^^ 66 Na 23 
8 CI 35 Br 80 



At. wt. of Cu is 63.4-4-2 = 31.7. 
At. wt. of Au is 197 -?- 3 = 66. 

For every part of H liberated, 108 parts by wt. of Ag will be dis- 
solved, 39 of K, or 66 of Au. An increase in cells does not increase 
the amount decomposed. 

Electrolysis proceeds according to equivalence : the same quantity 
that liberates 1 atom of a monad Uberates half an atom of a dyad, 
and a third of a triad. 
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is a plate of the Bame kind of iiielal as Uiat to be deposited. (See 
Pig. 134.) 

'Die reaaou that the articles to be plated must be pla^d at the — 
pole, is that electrolysis goes on m the bath, and CuSOj, for instance, 
and H,0 are decomvosed. Metals like Cu and H are electro-posi- 
tive, and go to the — pole, whereas the auid radicle SO, and go 




to the + pole. The SO, becomes SO,, which unites with a 
onle of water forming H,SO, (HO, 4- H,0) on the Cu anode, dis- 
solving it somewhat, and so renewing the supply of CnSO,. Or the 
S0( may unite directly with H^ The film of plating comes trom the 
salt in eolution. and not directly from the metal anode. 

The bath for etectvo-mlBrring is usnully a HolutJon of the double 
cyanide of Ag and K, Ibrmed Jrom nitrate of silver and cyanide of 
potassium ; thus, 

AgNO, +-KCN = AgCN + KNO, ; 

AgCN -i-KCN^AgCN.KCN. 

German silver makes a good base for being plated, or some metals 
have first to be covered with a layer of On, and then this Cu can lie 
plated. 125 tons of silver are probably used annually for electro- 
plating. The average deposit on forks and similar sized articles is 
C3, per dozen. 
for eWtm-gildi'iiy is a solution of gold chloride and 



280 ESSENTIALS OF PHTHIG8. 

certain metals from their solations by an eleotnc oorrent^ either gal- 
vanic or one from a dynamo. The current mnst be one of koige 
quantity. The art was discovered in 1839, independently by Spoieer 
and by JaoobL A mould has to be made, and on this is depositod 
a layer of the demred metal 

Deseribe eleotrotyping. 

This book is printed from electrotype plates. A shallow pan is 
filled to the depth of 1 cm. with melted wax. A few pages aie set 
up in type, and a mould is made by presBtng this into the wax 
Powdered graphite is applied to make the wax a good conductor of 
electricity. Flow the sur&oe with aksohol to prevent adhesion of 
air-bubbles, and then with a solution of CuSOt. Dost over it some 
iron filings, by which a chemical action is started. Next plaoe die 
form in a bath of acid CuSOa and connect it with the — pole of a 
battery or a dynamo. From the + pole suspend aplate of Cuabont 
2 in. from the wax surface. The salt of copper is decomposed and 
its Cu is deposited on the mould. The add formed at the + pole 
dissolves the Cu plate, and so keeps up the degree of saturatkm 
of the solution. 

When the Cu film is about as thick as a visiting card, it is removed 
from the wax, and shows every line of the original. This shell is 
then backed with melted type-metal to give it firmness, is fastened 
to a block of wood, and then is ready for the printer. A small 
amount of type used over and over can thus do a large amount of 
printing. A quantity battery is necessary for the above purpose, a 
DanielFs or a Smee, but a dynamo of special construction is mm 
commonly used. 

Describe electro-plating. 

This process is practically the same as the one described above, 
only here the metallic coat remains permanently on the object 

The articles to be plated have to undeigo certain preparatoiy steps 
called huffing, deansiuf/^ pickling, and scouring. After this they 
must not be touched again by the hand, and they may now be placed 
in the plating bath suspended from the — pole of a battery. The 
bath used is always a solution of a salt of the metal to be depoa- 
itcd. From the + pole of the battery is suspended an anode, which 
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U a plate of the sanie kind of inclal as that to be deposited. (See 
Rg. 134.) 

The reofion that the articles to be plat«d must be plaoed at the — 
pole, is that electrolysis gues on in the batli, and CuSO., for instance, 
and \ljO are decomposed. Metiiis like On and H are electrti -posi- 
tive, and go to the — pole, whereas the acid radicle SO, and O go 




to the r pole. The SO, becomes 80,, which unites with a mole- 
cule of water forming H<SO, (S0,+ H,0) on the Cu anode, dis- 
solving it somewhat, and so renewing the supply of GuSO,. Or the 
SO. may unite directly with R,. The film of plating comes from the 
salt in solution, and not directly from the metal anode. 

The bath for etectro-mlvTiiiff is usually a solution of the double 
cyanide of Af- and K, tbrmed from nitrate of silver and cyanide of 
potassium; thus, 

AgNO, -t--KCN = AgCN + KNO, ; 

AgCN +KCN=AgCN.KCN. 

German silver makes n pood base for being plated, or some metals 
have first to be covered with a layer of flu, and then this Cu tan be 
plated. 12ri tons of silver are probably nsed annually for olei'tro- 
plating. The average deposit on forks and similar s\ic<\ articles is 
Sil to 100 gm. per dozen. 

The bath for Afctrn-gilding is a solution of gold chloride and 
KCN. 
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Xicktl'jtiatiiif; has now become verj' iiii|>ortant. A layer j^ in. 
thick may \n: toruitMl. Cuuimercial nickel coutuins nitrate of sodium 
and UNO,, and plating could not be done successfully till this im- 
purity wa.s L'utton rid of: i\j of 1 % was fatal to plating. Adautf 
t(Mik out tlie first patent not to do a thing — viz. not to allow the 
prrMiirc of nitrates. Toui]>erature in india-rubber processes ia 
patnitahle. 

A plat** of pure Ni is the anode, or one of Ft and i Ni maybe 
us<m1. and sidts of Ni and ammonium arc in the bath. This makes 
ail rxt'tllnit platini: for surgical instruments, but some say it is por- 
ous, as seen l)y tike microHco]K\ and so perhaps gives better lodgment 
for harfffia. 

Tilt' time required for elwtrotyping is about 2 hours with a dynamo 
tlircct turrfiit, or 14 hours with a batterj' current ; for silver-plating, 
A to 4 ht>urs with a dynamo. Gold is deposited with great rapidity: 
a irw uiiiiutcH' immerHion is sufficient. Nickel-plating requires 15 
mil 1 1 It cs to an hour with a dynamo. 

Zii. Vv, stiH'l. Sl>. can all be dei)osited ; when a film of the latter 
is broken, it hccoiiics red hot, a i)eculiar molecular state. Copper 
plat«'s can Ik' sfnh^/ )>y an iron deposit of extraordinary hardness. 
Ill An>oni;i. (\nin.. iron tcle^Taph wires are coated with Cu; 15 
tons per week arc deposited. Many works of art can be rcpro- 
duce(l : even copies ol* (la.L'Ucrrotypes may be made. Electro-etch- 
iiiir can )»e doiw )>y attaching the article to the -\- i)ole, where it is 
eaten away. 

H<r is said to )>e removed from a patient by making him the anode. 

Other important applications of electrolysis are the refininf/ of 
UK fills and the rtdnctiim of oms. Aluminium can now be obtained 
from its ores at a iireatly reduced price. The process is Ilalfs, pat- 
entiMl in IsS'.). A steel crucible lined with C contains a bath of the 
(louMe fluoride of Al ami Na and of Al and Ca. The bath is fuse I 
at a red heat, and AI2O3 is formed, dissolved in the bath. A d^-namo 
then electrolvzes the alumina, hut not the bath. 

What is the principle of the storage battery? 

When water is decompostMl ))y Pt electrodes, is condensed on 
the V plate and II on the — plate. The effect is to produce a cur- 
■^t in opposition to the original one. 



EFFECrrS OF CURRENT. — ELECTRIC LIGHTING, ETC. 283 

Grove has con^trntsted a gaa battery on this principle. Two tubes 
containing H and are inverted in water. When the external cir- 
cuit is completed, the gases recombine to form water, generating an 
electric current. 

The products of electrol^'sis themselves form a battery. The 
storage of electric energy by chemical decomposition w recovered by 
cluimical recomposition. This is the principle of the storage battery, 
the secondai'y cell, or accumulator. 

Secondary electrolysis is produced (see p. 277) as in the decompo- 
sition of Na2S04. There is no secondary action in the decompo- 
sition of HCl or HNOs. The electrodes are not acted upon. 
SHNOa splits into 8NO2 + 80 -f 8H. The 8H reunite with the 
acid, 8H-f HN08 = NH3 + 3H,0. When HCl is decomposed, 
GuCl] is formed at one pole, producing nothing for recombination. 

Describe Planters storage battery? 

When acidulated water is decomposed by lead electrodes, lead 
oxide will coat one and H will be occluded on the other. 



— Pb Pb + 



Pb + H, 



H, 



SO4 
Ho 







PbO, 



When the Pb plates thus acted on are connected, there is a recom- 
position of O2 and H2, and a new electric current in the reverse 
direction. The plates run down to plumbous oxide, PbO, on either 



Fig. 135. 




side, which is reduced to PbSO* by the acid. Burintr the second 
charging this sulphate is decomposed and restored to the solution, 
and the leads are free to take up and H again. 



284 ESSENTIALS OF PHYSICS. 

Plantd's element consists of a broad strip of sheet lead provided 
with a tongiie and laid upon a second similar sheet, contact being 
preventeil by narrow strips of felt (Fig. 135). The sheets are rolled 
to^'cthor. forming a compact cylinder, wliit-h is placed in a vessel of 
dil. II2SO4. The tongues of the leads are now attached to a battery, 
and the water decomposed, as seen above. When the anode has 
ceased to absorb O^, the cell is disconnected, and then discharged by 
making external connection. This process is repeated many times 
(luring a period of several months, the object being to cover one 
plate with a thick coating of PbOj and the other with a coating of 
s|M)ngy loa<l. They are recharged each time with a reversed current, 
but when the plates are completed subseciuent charging is always 
in the same direction. 

What is the Faure cell? 

Faure prepared plates by coating sheet lead with a paste made of 
red lead, Pl)304, and sulphuric acid. The paste is kept in place by 
a sheet of pan^hmcnt i)aper, by felt, or a blanket, and the plates 
are then rolled up and placed in a jar of acidulated water. Elec- 
trolysis with alternation of current is employed, by which in a few 
days the Ph.tOj, calKMl mntittm, is changed to PbOa on one plate 
and spongy load on the other: the cell is now ready for practical 
ns(\ 

The improrni Ftunr evil has the lead plates made in the shape of 
gridirons, and the openings are filled with a paste of Pb304 and HjSOi 
for the i)lates, and PbO or litharge and FlaSO^ for the — plates. 
Faeh plate is elect roly zed separately before being combined in the 
cell intended for use. 

The Jnh'vn cell has grids made of Pb, Sb, and Hg ; the Punipellv 
cell, from (liicaiio. has the plates horizont4i\ otherwise the same ai 
the Faure cell. 

The ?^sr,s' of storage ])attcries are for ringing bells, for turning snial 
wheels, for incandescent or even arc lights, for propulsion of streei 
ears, etc. One may be used for a week for lighting purposes, and th( 
best cells have an E.3I.F. of 2 to 3 volts. They can never b( 
economical if charged by galvanic batteries; if done by dynamos 
they will yield about 40 'r of the work transmitted to them. Thej 
store energy rather than electricity. 
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They were used on the Madisou Avenue atreet-cars qf New York, 
but have been abandoned. 120 cells per car were required, weigh- 
ing 3600 lb., stored beneath the Beats. Their alleged energy was 
sufficient to can? 400 people 3G tnilea. 

The disadvantages of these batteries are— (1) loss of HjSOj 
and increased resistance; (2) formation of PhSUij (3) plates 
unequally charged ; (4) buckling and distortion of pktes, rendering 
cell worthless. About three hundred patents have grown out of 
Faure's device. They may be useful in a sui^dl way, but not yet on 
a htrgB B0(^. They are coDvenient for establishing stock companie& 



CHAPTER XXVm. 



What in electro-dynamicB 1 

By this term is meant the laws of electricity in a state of motion, 
the action of currents upon each other and upon magnets. 





^eals with electricity at re^ All the phenomena 
LT currents follow three simple Ib.v<&-. \. PaTul- 
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M currents in the same direction attract one another. 2. Parallel 
currents in opposite directions repel one another. 3. Angular cur- 
rents tend to become parallel and flow in the 8am£ direction. 

An illustration of the first two laws is seen in Figs. 136 and 137, 
and also by what is known as Roget's vibrating spiral. It consists 
of a battery wire bent in the form of a spiral. One end dips into 
a dish of Hg, and the wire from the other electrode dips into the 
same dish. While the current passes it is parallel with itself in the 
spiral. Attraction follows, and one end of the coil is lifted from the 
Hg, and the circuit is broken. Gravity acts, the coil again touches 
the Hg, and rapid vibrations are produced. 

Describe a solenoid. 

To illustrate the third law a solenoid may be used. A solenoid is 
a system of equal and parallel circular currents formed of the same 
piece of insulated copper wire and coiled in the form of a helix or spi- 

FlG. 138. 




ral (Fig. 1 38). It is only complete when part of the wire passes in the 
direction of the axis in the interior of the helix. Let such a coil be 
movable about a vertical axis, or let it be supported by a little float- 
ing battery. Pass a rectilinear current Q P beneath it, and at the 
same time let a current pass in the solenoid. The latter will turn 
and set at right angles to the lower current ; i. e. those currents in 
the lo^\er parts of the coiled wires are parallel to, and in the same 
direction with, the current of the straight wire. 

Explain the directive action of the earth on solenoids. 

If a solenoid be supported as in Fig. 138, and a current be passed 
through it, it will move, and finally set in a position so that its axis 
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is in the magnetic meridian. In the lower half of the coils the cur- 
rent is from east to west ; i. e. descending on the side toward the 
east and ascending on the west. A solenoid is thus directed like a 
magnetic needle, with a north and south pole, and fully illustrates 
Ampere's theory of magnetism. At the S. pole of a magnet or 
solenoid the currents are in the direction of the hands of a watch 

C^^. when the N. pole is looked at, the current is still east and 

west, but it seems to be in a direction ™,^ ^^ 

opposite to that of the hands of a 

watch (^ (Fig. 139). Illustrate 

this to yourself by marking currents 
around a crayon of chalk. The Am- 
p^rian theory has ahready been spoken 
of on p. 224. The earth itself is sup- 
posed to be traversed by such currents, ^ 
explaining ite magnetism. They pass 
fix)m east to west beneath the earth, if that expression be allowed. 
These currents direct magnetic needles or solenoids according to the 
third law, that angular currents tend to become parallel and flow in 
the same direction. 

Magnets and solenoids or two solenoids will mutually attract or 
repel each other, just as magnets themselves would do. 

Electro-magnets.— Magnetizatioii by Currents. 

When a Cu wire traversed by a current is immersed in iron filings, 
they adhere to it, as to a magnet, as long as the current continues. 
Or if we coil an insulated wire about an unmagnetized steel bar, and 
then pass a current, the bar will become strongly magnetized ; either 
galvanic or statical electricity will do it. The S pole of the new 

magnet will be that one where the wire was wound fsj, or if a 

person swimming in the current look at the axis of the spiral, the 
N. pole is to his left. 

What are electro-magnets ? 

Electro-magnets arc bars of soft iron which under the influftxvoft. 
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of a voltaic current become magnets. This is onl^'^ temporar}' mag- 
netism, and ceases with the current. They are usually of horseslioe 
fonu, and an insulated Cu wire is rolled around the two branches in 
such a way that if the horseshoe were straightened out the wire 
would all be in the same direction. Soft iron wires are better than 
soli<l in)n for the core. The iron should be as pure and soft as pos- 
siblo; otherwise it will acquire some magnetism and not respond 
H'adily to ever>' change of current. This acquired magnetism is 
railed rvsidmil or remanent magnetism. 

The strength of the magnet is proportional to the strength of the 
current and number of windings, but independent of the width of 
the troils, of the nature or thickness of the wire, taking resistance 
into account. 

On making or breaking the circuit around the soft iron the move- 
nn'iit of its molecules in changing positions changes the shape of 
the )>ar, but not it« dimensions, and produces amltVe soitmk 
Two an^ always distinguishable: one is musical, and the other a 
scries (jf harsh sounds corresponding to the interruptions of the 
current. 

Here was (lie first idea of a telephone, and an instrument made 
on this i)riii(iple was used lor years by Reis in Frankfort, and was 

ealle<l trhphanc. 

What is the ** suction of the coil " ? 

This is the attraction ()!' the coil exerted on a movable sofl-iron 
e( )re. 1 1 is st n )n<rly drawn into the coil, and oscillates before becoming 
stationary. Paire's en<rine (locomotive) depends on this principle, 
rapidly niai»netizin>» and demagnetizing the sofliron which will move 
up or <lowii, and its reetilinear motion can be changed into rotary by 
a erank. It can run 20 miles per hour, but at forty times the cost 
of an ordinary engine. 

What are the uses of the electro-magnet ? 

Electric bells, fire- and burglar-alarms, electric printing-machines, 
and "tickers" all make use of the electro-magnet. The general 
way of its working is seen in Fig. 140. E is the magnet connected 
with one wire of the circuit, and the other wire is connected with 
spring C, which presses against the armature a. When the current 
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es wiUi it t1ie hummer 
i braken between the 



Q the dial. A 
in & railroad line 
r, minute, 



paaaes, the armature a ia attracted, which cur 
P. The muinent this tukea pliice contact 
armature and the spring, and the electro- 
mngnet cfUHCs tu act. A little spring ut 
the ba^ ui* the anuature brings it again 
into coQlact with C, and the current again 



In case of electric clacks a pendulum ) 
beating seconds opens and doses a circuit , 
at each oscillation, and the armBture will 
alao beat seconds. Thia 
veyed to cogs anil thence U 
whole ayatem of clocks a* 
can thus indicate the sai 
and second. 

In the fire-alarm bos you are directed to 
" pull down once and let ga.' ' This winds 
a spring which seta in motion a train of 
wheels, one of which has notches on its 

circumference correHponding to the number of the box ; e. g. three 
notches together and four notches together. This revolving wheel 
tonchea a lever and closes a circuit, but as a nutch pafi,sea under the 
lever the circuit ia broken. This demagnetizes an electro-ma^et 
at the central station and releases an armature which strikes a bell ; 
thus 34 will be struck olf. Theapringis wound just enough to cause 
the wheel to revolve three times. 

One form of an electrio pen haa an electro-magnet inside which 
will attract an armature beneath, and so prick holes in paper. 

Electric enginea, dynamos, and motors all depend upon the elee- 
tro-miLgnet; nut an economical means if Zn be used to obtain the 
power, but useful in the rapid transmission of small power to great 
distances, as in the electric telegraph. 




The Electric Telegraph. 
What is its history T 

No one man ever invented the electric tcletrraph, Franklin in 
ITtiti is said to have suggested something of the kind. In ITT-t, 
Leaage conatructed the firat one at Oiineva, using statical clactxiav*^ 
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— 24 wifvs antl 24 pith-ball electroscopes, one for each letter of the 
aljihaU't. Sbiumering id ISOS first used voltaic electricity for this 
piir|MK4c. employing a water voltameter tor each letter. In 1830, 
Ain|»i're lued 24 galvanunieter needles. 

Ill 1831, Pruf. Henrj' really had the first teleprraph, but never 
thought ot* luiiig it as a coiumeivial enterprise. He employed the 
elet'tro- magnet and used a voda of signals 

In \s:v.i, (Jauss and Weber used a single galvanometer needle, 
iii.liratiiig Icttere by right and left deflections, and observed the 
oscillations by a telencoiw. Steinheil in 1830 or 1838 discovered 
that only one wire was necessar}*, the earth acting as a return wire. 

(\K>k iiiiil Wheatstone in 1S37 introduced the neetl/e telegraph, 
aii'I constnuteil on the Ijondon and Birmingham Railroad the first 
lint' ever employed for commercial use. 

Trof. S. R B. Morse, in 1835, invented a recording system of 
«luts and (lashes. His |>atent is dated June 20, ]84(), and his claims 
have U'en used to the detriment of the others mentioned. He 
const rin-teil the first line in the United States, between Baltimore 
and Wjb^liiiiL'ton. and sent the first message on May 27, 1844. He 
us4m1 two wires, anil not one. 

What are the essentials of a simple line ? 

(\) Battery; ('2) conductor; il^) signal key or transmitter; (4) 
sounder or receiver. 

The <f<ilr,iiilr hiifhn/wiiii once used, Daniell's, gravity, Leclanch^'s. 
or niodilie<l Wollast^Mi's, but now the telegraph companies use djua- 
mos. 

The cnudurforft an* galvanized iron wire or Cu wire or iron coated 
with coj)j)er. lnsul;it(Ml su])])orts are of glass or gutta-percha, which 
is the host insulatinir substance known. In large cities the wires cov- 
ered with irutta-jx^rclia or jnepared hemp are placed underground in 
tubes or li;ad pipes. 

A^nhniffrinr nthfcs consist of a core of seven Cu wires, each 1 mm. 
in diameter, twisted together and covered with a mixture of tar, 
resin, nnd gutta-i)erclia. Tins insulator proper is coated with hemp, 
and outside that is a protecting slieath of steel wire, also spun round 
with hemp. 

At the sending station the line is connected with the + pole 
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expense of tliis » 
conduckir. It i, 
not tkctuuUy n 



IK the battety; the current passes to the other station, and if 
jmerc were a. return wire would traverae it to the — pole. But the 
expense of tliis second liue ran be saved by uEing the earth as a return 
' ' ^' ' better than a wire, for it offers nu remstance, does 

I the current, but acts as a reservoir, giving and 
receiving electric energy. So the end of the conductor at one station 
and the — pole of the battery at the other are connected with large 
Cu plates, which are sunk some distance into the earth, or they nay 
tte eoanecled with gas- or water-pipes. The circuit may be open or 
doted — opew where pressure on the key completes the circuit, 
elimed where a signal is produced when the key is lifVed. 

The lender or fay K (Fig. 141 1 consists of a mahogany base sup- 
porting a metal lever, one eud of which is kept raised by a spring 
beneath. The other end of the lever is connected with the line wire. 
When the key is depressed it strikes an anvil connected with the bat- 
tery, and the current, passing along the line, attracts the arniature 
of some receiver with a click. If the key is held in contact for an 
instant, it constitutes a dot ; if for a longer time, a dash. When 
the key is not in use the circuit is closed by a lever pushed under 
the anvil : so a current is passing all the time. 

The receiving instrument may either be a re//ialer or a tounder. 
A register consists of an electro. magnet whose armature is provided 
with a piiint which indents a tape of paper passing beneath. Clock- 
work rolls the paper upon a drum, and thus the message can be read 
from the dots and dashes. Double embossing registers are in com- 
mon use, by which two separate messages may be registered. Ink- 
ing registers are also nsed. 

Messages are usually received by sound. The aminder (Rg. 141 ) 
is pnctically as the above, only the style of the armature is allowed 
to dick on a brass sounding-piece, and when the current ceases a 
spring withdraws the armature, and it makes a light click on a screw- 
point above, A sharp click indicates the beginning of a dot or dash, 
a light click its tennination, A pause following a sharp click iH a 
dash; one fullowini.' a light click i* a space. 

What are some of the accesBories of a t«le^aph line ? 

The rday, reppatcr. Hf/htiiiiiij frri-Hfrr, i/r/mni! mritch, and nil-ouf 
K.Ob cirouits longer than twenty or thirty miles the current may 



become so enfeebled an to be una^bli! to work the sounder. A rela;/ 
is necesaarj ; that is a, seounil el eetra -magnet R ( Fig. 141 ), still in 
the line current anJ eerring to introJuce into the sounder the cur- 
rent of a local battery, which ia only used for recording wgnals. If 
the messige is destined for a more remute place, a powerful buttery 
ie substituted tor tlii; loval one. In this cane the relay is called the 
rfpeater, and the message can be forwarded four or five thousand 
luiles without an operator. 

Every time that Boston presses his Itey the armaliire in liis own 
office, ill the New York office, and at all ibe way stations falls, and 
the message can be read at every station. The ciU-oiU, gtviiutl 
match, and lightning arrester are usually combined, as in Fig. 142. 



I 




I 



Three brass plates are mounted on an insulating block, the central 
plate having a row of points on either side. The end plalea are 
uonnected with the terminals of the line, and the office instruments 
are pkeed in circuit between them. The central plate is connected 
with the earth. When a brass plug is inserted between the end 
plates, as shown, the office instruments are cut out of the oireuit. 

If lightning should strike the line anywhere, its high potential 
would cause it to leap across the points and escape to the earth by 
the central piece, instead of taking the longer route through the 
instraments. The direction in which line connections are inler- 
rupted can also be deternjined by inserting the plug between the 
central plate and an end piece. 

The course of a current at the receiving station is fli^t into the 
lightning conductor, thence into a small galvanometer, indicating the 
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passage of a current, thence into the office instrrunaits, the key, and 
next the relay. This establishes connection with the local batteiy 
and that works the sounder. 

The American Morse code is used in the United States and 
Canada, but in all other nations of the world the International 
Morse code is used, established in 1851. 

Describe autographic telegraphy? 

Autographs, or even photographs, may be transmitted by tele- 
graph. The name or message is written in letters of wax on a strip 
of tin-foil. At the receiving station is a paper moistened with prus- 
siate of potassium. A needle or iron pen at either station is moved 
simultaneously by clockwork across the sheet of foil and the K 
paper. As the current passes the prussiate of K is decomposed, 
and a continuous blue line is made until the pen at the sending 
station strikes a line of sealing wax ; here there will be a break in 
the blue line. Each needle is moved down a hair's breadth as it 
traverses its respective sheet, and the message is received in light 
letters on a blue ground. 

In the dial telegraph a pointer indicates the letters as they are 
arranged in a circle. Printhig telegraphs are really telegraphic type- 
writers. The depression of a certain letter at one station causes a 
corresponding one to be printed at the other. 

What is to be noted in connection with submarine cables? 

The difficulty obser^^ed is, that the wires retain a charge by induc- 
tion after the battery is detached. The cable constitutes an immense 
Leyden jar which must first be charged before the current can reach 
the other end. This is partially remedied by using alternating cur- 
rents. 

Signals are received by a reflecting mirror, Thomson's galvanom- 
eter, the motions of the spot of light to the right or left forming 
the alphabet. Thomson also devised the siphon recorder^ where ink 
fi'om a capillary tube makes deflections to the right or left on a paper 
ribbon. These deflections rei)resent the Morse signals. 

Can more than one message be transmitted at a time? 

Duplex telegraphy is a means by which messages may be sent 
/fifiznuJtaneously in opposite directions on one and the same wire. It 



w 
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vaa first suggested by Moaes Fa,rtner in 1852, but the method of 
Stearns was not practically adopted iuto the United States till 1872. 
A description cannot be given here. Each station is provided with 
a Morse electro-maguet wound with two sets of wire in opposite 
direetiotis ; one coil is connected with the hue and the other with 
the earth. There is no indication of a message hciug sent at the 
sender's iuatrunient ; his armature is only attracted by an inuomins 
message. There are the Stearns system and the piJar dupUa,. 

In 1874, Eiiaon and Prescott invented the quadraplex telegraph, 
by which four messages may be transmitted at the same time on the 
same wire, part going in one Jirectioti and part in an opposite direc- 
tion. It is a combination of the Steams duplex and polar duplex, 
and is a, practieal eucce^. Itlultipic transmission to an indefinite 
extent has not yet been realised. 

That is Wheatstone's Bystem of rapid tranamiaBion? 

Transmission by manual manipulation of the key does not exceed 
25 to 50 words per minute, A more rapid means is necessary in 
large offices. Wheat^tone's method is related to the manual method 
about as printing is to writing. The message has first to be prepared 
by recording it with perforations in a strip of tough imper. It is 
then passed automatically through the transmitter and received in 
Morse characters on an inking register at a distant j^tion. 125 to 
250 words per minute can be thus tr.iiismitted. 



CHAPTER XXIX. 



How may induced otLrrents be produced? 

Wc have already noted Btati<.'al and magnetic induction. Dj^atn- 
ical electricity produces analogous effects. Instantaneous induced 
currents may be developed in conductors (I) when broueht near 
other conductors traversed by a current, and (2] when brought iindcr 
the influence of a magnet. 
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How may isdnced ctureiits be produced by intermittent ones! 
Take a coil of thick insulated Cu wire. Upon this coil wind a 
second one of considerably greater length of fine Cu wire, but 
wholly unconnected with the first. The former is the priinaj-y coil, 
to be connected with the battery ; the latter is the secondary coil, 
and is connected with the galvanometer. At the moment when the 
thick wire is traversed by a current (Elg. 143), the galvanometer 




indi'atcs an induced current in the sewndary cod, mwrM to that in 
the primary cod. It is only instantaneous, however. At the 
moment when the current ceases in the primary coil a direct induced 

current is produced. 

How may induced cnrrentB be produced by coutinaoos ones T 

Instead of closing and opening the primary current, we may 
approach or withdraw it from the secondary coil, as in Fig. 144. On 
approaching there is an inverse induced current; on withdrawing 
there is a direct induced current. 

Again, if the intensity of the primary current be varied, we may 
get the same results — viz. an inverse induced current if the intensity 
of the primary one increases ; direct if it diminishes. 

A beginning current ) 

An approached current > gives an inverse induced current 

An increased current J 



An ending current 
A withdrawn current 
A diminished current 



a direct induced current. 
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Work has k) be done on approaching or withdrawing cuirenla 
from conductors. Parallel currents in opposite directions repel, and 
in the same direction attract. So on approaching the primary to the 
secondary coU, repulsion has to be overcome, as 



Fia. 144. 




inveise on w thdraw ng attract on has to be overcome as both 
currents are in the same direct on 

Always when a curre t flows through a conductor t is found (hat 
the effect of nJueton s to pro luce an opposte urrent n an> 
adjacent parallel conductor The nature E th s action is seen from 
this diagram (Atkinson) : 






lO-f 



h + + l 



Let (a) be a conductor where the current flows from left to right 
hy virtue of the difference in potential between 10 and 1. (i) is an 
adjiicent parallel conductor. Inductive influence radiates in all 
directions, and perhaps (fc) only receives J of the electric force from 
(<i). A + potential of 10 will induce a — potential of 2, and 
oppostto the + 1 will be — J. As electric movement is from a 
higher to a lower potential, in (6) it must flow from right to left, 
opposite to that in {a). 
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How are coirents induced by magnets! 

The iDductive action of luagDets is only ao induction of currents, 
a confirmation of Ampere's theoo'- Plunge a bar magnet into a 
bobbin of wire connected witb a galvanometer (Fig. 145), and an 
induced current is produced opposed to the direction of tlie 




Amp^nan currents iround the end of the magnet. Withdraw the 
bar, and a direct current la produced 

Or use soft iron wires as the core of an electro-magnet, and bring 
a bar magnet into contact with the wires. On approaching or with- 
drawing the magnet the gal\'anumetcr needle will indicate inverse 
or direct currents. 

Ag^n, rotate an electro-magnet in Iront of a permanent magnet 
or vice virid, and induced currents are produced. Again, surround 
a horseshoe permanent magnet with a coil, and pass a soft-iron 
plate rapidly in front of the poles. Tlie soft iron, becoming mag- 
netic, reacts on the magnet, and alternate induced currents are pni- 
duced in the wire. The dynamo and all mBgnefo-electric machines 
involve these principles. 

What is the effect of magnets on bodies in motion? 

Arago's experiment was to rotate a disk of copper beneath a mag- 
netic needle. The needle will rotate in the same direction as the 
disk. Induced currents are produced in the metal. Or rotate a 
hoi'seslioc miignet beneath a disk of copper, and this disk will take 
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up the rotation. The earth's magnetism can also develop induced 
currents in metallic bodies in motion. 

How may a cnrrent induce a current upon itself? 

If a closed circuit of many turns of a single wire be traversed by 
a cnrrent and suddenly broken, a perceptible spark is obtained, 
and a smaller or an inappreciable one when the current is closed. 
Each coil seems to exert an inductive action on each adjacent coil, 
in virtue of which a direct extra current is produced at the " break," 
thus strengthening the principal current, and an invei^se extra cur- 
rent at the ^^make/' diminishing the principal one, and so pro- 
ducing a less spark. 

This is analogous to the flow of water in a tube under the influence 
of gravity. The inertia of the mass retards the current when it 
begins, but continues it when suddenly interrupted. 

Such currents are called extra currents, Henry currents, or cur- 
rents of self-induction. They occur to a slight extent even in a 
straight conductor. These two extra currents have the same E. M. F. , 
which is proportional to the strength of the primary current. 

Induced currents, though instantaneous, can by their action on 
their parent currents give rise to new induced currents, and these 
again to others, producing induced currents of different orders, 
analogous to the multiple image phenomena in plane mirrors. These 
are also called Henry currents. 

What are the properties of induced currents? 

Both the direct and inverse are of high potential, and will pro- 
duce violent physiological, heating, luminous, and chemical effects. 
They are equal in chemical action, but the inverse does not mag- 
netize or produce shocks. 

We have thus seen that induced currents may be produced in five 
ways : two ways by currents, two ways by magnets, and self-induced 
currents. 
L Making and breaking current in primary coil ; 

2. Approaching or withdrawing a continuous current in primary coil ; 

3. Extra currents, self-induced, at make and break, one coil ; 

4. Approach or withdrawal of a magnet from a coil ; 

5. Place soft iron in coil and intermittently magnetize it. 



300 ESSENTIALS OF PHYSICS. 

Electrical Machines. 

There are three chief varieties : 

1. Electro-magnetic machines ; 

2. Magneto-electric machines ; 

3. Dynamo-electric machines, or dynamos. 

Electro-magnetic machines consist of electro-magnets connected 
with galvanic batteries, and attracting soft-iron armatures. These 
constitute one form of the electric motor, but these machines will 
never be practical, as the cost of Zn so far exceeds that of coal. 

The other two varieties, magneto-electric and dynamos, consist 
essentially of two parts — (1) a revolving electro-magnet, called the 
armature^ and (2) a powerful stationary magnet, called the Jidd 
magnet. In magneto-electric machines the field magnet is a per- 
manent one of steel ; in dynamos it is an electro-magnet, because 
more powerful; so in dynamos one electro-magnet, the armature, 
revolves in front of a second one, the field magnet 

What are some forms of magneto-electric machines ? 

The first was invented by Paxii in 1833, and improved upon by 
Saxton and Clarke. As now constructed it is known as Clarke's 
machine, and consists of a powerful horseshoe magnet A (Fig. 146), 
which is stationary. In front of it is the electro-magnet B B^ 
movable about a horizontal axis ; it is the armature to the magnet. 
The wires in the two bobbins are wound in opposite directions, so 
that the two currents may not neutralize each other, but be of 
double the E.M.R that one bobbin would have. The ends of the 
wires are attached to a copper ferule q on the axis. A large quan- 
tity of small wire will give high potential, a small quantity of large 
wire will give low potential. During the first quarter revolution there 
occurs a separation of poles B B^ from A. This produces currents 
in both bobbins. During the second quarter revolution the poles are 
approaching A, and the effect would be to reverse the current, but the 
polarity of the cores changes because they are approaching new poles, 
and this double change allows the current to flow as before. At the 
end of a half revolution, however, there is a reversal of current, as 
the polarity is unchanged at this point. So during every revolution 



Br^" 



VOLTAIC INDrCTIOS". — ELECTRICAL MACHINES. 301 

there would be a eurrGtit liiilf (ho lime hi otic direction and half the 
B time ID another. 

To securQ a, constant current, a mmnmlntor q i is placed on the 
axis, nvokiDg with it. It coosiBta of two half ferules, which 



Fia. 146. 




become alternately + and — from their connection with the bobbin 
wires. Spriiij^s I and c elide over these pioces, and the ferule against 
b is always -(- . As thin -f ferule rotates, the current having reveraed 
in the ooils, it becomes — at spring e. Thus the currents all flow in 
the same direction through the exteninl circuit, and a direct current 
is made out of these Irnnsient iiltcrnating cuni-'nts. 
The AUianci; machine iimti\sU'A of ninety-six electxo-niognet* 
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mounted on six bronze wheels which rotated between fifty-six steel 
magnets, and would produce over 53,000 currents per minute. 

Siemens' armature (1856) was about the next improvement. 
Here the wire is wound lengthwise on the core instead of trans- 
versely. The core has flanges projecting beyond the central part, 
and a cross-section resembles the letter H (Fig. 147). These flanges 



Fig. 147. 




are the armature's poles, and when they are alternately magnetized 
and demagnetized their induction produces currents alternately 
4 and — . These are adjusted by a commutator at C. Round P 
passes the band for rotation. This is a very useful compact form, 
and is easily surrounded by a number of magnets. 

WiUVs machine consists in substituting a pair of electro-magnets 
for the steel magnet to produce the magnetic field. These are 
excited by a small Siemens machine mounted above, consisting of 
a Siemens armature and a permanent magnet. A Siemens 
armature is also used below, as well as above, and fix)m this lower 
one passes the external circuit. 

What is the principle of the dynamo? 

The magnetism is furnished by the play of the machine itself, 
and is not obtained from permanent magnets. The essential parts 
are the armature^ the field magnets, the commutator^ and the 
hrmhes. The armature and field magnets are all electro-magnets. 

Iron when magnetized retains a little residual magnetism. Sie- 
mens and Wheatstone in 1867 discovered that a current can react 
upon itself, and they proposed to excite the field magnet by the 
multiplication of this residual, and so dispense with an exciting 
machine. The rotation of the armature with its slight residual 
magnetism induces a cuiTcnt in the stationaiy electro-magnet, and 
this in turn reacts on the armature, which again increases the 
strength of the electro- magnet, and so on. The current goes on 
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g with tlie velueity of rotatiun, only limited by the heuting 
t wires and beuriags iLud the difficulty of proper itisulutiou. The 
brushes arc the springs for taking up the current ; they cousist of u 
numher of thin copper plates soldered togetlier at one end. 

Ladd'i machine is KubBtantially tliat of Wild, with the steel 
magnet removed. The two a,nuatures are retained ; one connected 
witli the field magnet coils, and the other with the external cireuiL 
The two Seld magnets are placed horizontally, with a tjiemens 
either end. Such a. machine is run by al«am, and it6 
a may be cummutatGd or not. 

Describe Gramme's armature. 

The above machines give a series of intermittent currents resem- 
bling waves or the strokes of a pump, tiraminc has invented a 
machine which gives direct and practically continouus currents. 

In 18B2, Prof. Paciuotti invented armatures in the form of a ring, 
where ooils were wound round an iron core. Gramme in 1870 
improved upon this by using a ring made of soft-iron wire (Fig. 148), 
and entirely covered with coils, B, C, 
I), etc, the 111 wire of one joined 
with the o'tl wire of the nest. This 
covering docs not obstruct the trans- 
mission of magnelia force to (he 
core. The improved commutator 
used in connection conaiats of eight 
or more copper knee-plat«a inii, 
mounted on the armature's axis, 
parallel to its length. Each plate 
connects with a cuil, there beini; an 
equal number of each, and tlicy are 
insulated Irom each other by wood, and are attached to a wooden 
block i>, mounted on the axis. As currents reverNt at each half 
revolution, b commutator with but two sejjmcuts produces an inter- 
mittent current; if fotir segments, and if a brush make eontuet 
with the approaching segment before breaking contact with a reced- 
ing one, there is no intermiesion, but still the current is uneven, 
With eight or more segments, it becomes practically even. 

Qramme's machine is magnelo-eleclrio, as the above t 
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rotates between the poles of a permanent magnet. This magnetizes 
the core, and that induces currents in the surrounding coUs. In one 
half of the semicircle the currents will all be going in one direction ; 
in the other half in the opposite direction. 

Mention other forms of armatures. 

The cylinder or drum armature is a common form, where wire is 
wound lengthwise on a cylinder, and this cylindrical core consists 
of a large number of thin sheet-iron disks insulated from each 
other by tissue-paper. The Weston and Edison armatures are of 
this class. 

There are also closed-circuit and open-circuit armatures. The 
former are those wound, like the Gramme, in an endless spiral, con- 
necting with the commutator by radial arms. In the open-circuit 
armature each coil is independent of eveiy other, being connected to 
two opposite segments of the commutator, which is unconnected with 
the other coils. This kind is used in the Brush dynamo. 

What is the magnetic lag? 

The armature core does not become fully magnetized the instant 
induction occurs, nor fully demagnetized the instant it ceases. 
This is known as the magnetic lag, during which the poles are car- 
ried slightly forward in the direction of rotation. 

What are the methods of winding field magnets? 

Field magnets vary greatly in construction, and constitute the 
principal part of the framework of each machine. They have mas- 
sive cores, usually of best cast iron; the advantage, of wrought 
iron does not compensate the extra cost. These terminate at one 
end in enlarged pole-pieces, which nearly surround the armature, 
the opposite ends being connected by bolted cross-bars. Thej'^ are 
wound with heavy insulated copper wire, which is continuous 
between the two cores. There are three methods of winding, known 
as series, shmt, and compound. In the series method (Fig. 149) the 
entire current passes a single route of low resistance, traversing in 
series the armature, the field magnets, and the external circuit. 
Variation of resistance at any point affects the entire series. 

In the shunt method (Fig. 150) the current traverses two routes, 
dividing at the upper brush in the inverse ratio of the resistance of 
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each circuit. The main current flows to the right through the coarse 
wire of the external circuit A small current of about 1.5% to 
20% of the entire volume flows through the shunt of fine wire with 
which the magnets are wound, and is employed only to excite them. 
If the resistance of the main circuit is increased, the strength of its 

I 

I 

• Fig. 149. 




current is proportionally diminished, but the difference of potential 
between the brushes is increased by this diminished flow. The 
resistance of the shunt remains constant, so the strength of its cur- 
rent is proportionally increased as that of the external circuit is 
diminished. This increases the magnetism of the core, and its rea^ 
20 
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a the current strength of both circuits ; bo an eqntlib- 
rium is eetablished. 

The compound winding (Fig. 151 ] is a combination of series and 
shunt methods. The shunt wire of high resistance is used to excite 
the magnets, and a low-resistance wire wound by series method 
excites them also, 

Fio. 150. 




Each of these methods is adapted for a certain work. The series 
wound machine is most suitahle for arc lighting, and the shnnt and 
compound for incandescent lighting. The former requires high 
E.M.F. and rather small current, while incandescent lighting requires 
the reverse. 

Wliat ore some of the different kinds of dynunoil 

In mwntaining a number of arc lamps in series the Te«st«Doe is 
v&ryiog sccordiog as few or many lights are used. There most be & 
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constant ratio between the EMI) and resmtanra A dynamo fur- 
□iehing an E M F tapuble ot variation is called i eimstant-cmrrent 
dynamo, and ib usually aetiee wound If the work retjuired be to 




maintain incandescent lamps connected in parallel, the resistanee of 
the uiaiD circuit is constant, variation of resistance being confined lo 
the braiichea. Here the E.M.F. is nearly constant, and a machine 
for BQch work is called the constanl-polentiiil dynamo, and is either 
shunt or compound wound. 

Electric lights can be maintained by either direct or allemating 
ourrenla ; incandescent lamps usually by the latter. Electro-plating, 
telegraphy, etc, always by the former. 

The Edison dynamo (Fig. 152) is a representative of a direct-cur- 
rent shunt wound machine. He uses it for incandescent lighting. 
The 6eld magnets are mounted vertically, and rest on massive pule- 
piecee enclosing tha armature below. On the left are shown the 
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What are the advantages of the alternating-current dynamo? 
Here the commutator and its resistance and wasteful spark- 
ing are dispensed with, producing a current of much higher 
potential with less internal resistance than can be obtained from a 
direct-current dynamo. Such current can be transinitted to a dis- 
tance by comparatively small wires, and so distribute electric energy 
at a less cost. The generating station can thus be located on cheap 
property and Aimish a current for use on more expensive property. 

Electric Motors. 

What is the principle ? 

The development of the electric motor dates from Oersted in 
1819, and has kept pace with that of the electro-magnet. All mo- 
tors consisted in energizing the electro-magnet by a battery current, 
producing mechanical action by its attraction and repulsion. Jacob! 
in 1838 propelled a boat on th« Neva at the rate of 3 miles per 
hour; he used a Daniell battery of 320 cells. In 1851, Page pro- 
pelled a car on the Washington and Baltimore Railroad at a speed 
of 19 miles per hour with a 16-horse motor. In 1861, Pacinotti 
discovered the principle that a motor can be simply a reversed dy- 
namo in which an electro-magnetic current produces mechanical 
motion, instead of mechanical motion producing a current. An out- 
side current entering the field magnets causes the armature to revolve. 
This did not receive its first practical appHcation till 1 873, by Fontaine, 
who used the Gramme machine. So a motor and dynamo are iden- 
tical in principle and construction, and the same machine may be 
used for either purpose. Generally, two are used together. The 
first one, or generator, is best a large dynamo run by steam- or water- 
power. This gives a strong cheap current in preference to an ex- 
pensive one from Zn. It furnishes electric energy to the second one 
or motor, which may be small and compact, and this will restore the 
original mechanical energy with a loss of about 15%. 

What are the eddy or Foncanlt currents? 

In both dyiiBmo and motor currents are induced in the iron core 
of the armature, flowing in the same direction as those of the coils 
in the dj^amo, and in the opposite direction in the motor. They 
circulate as eddies in the iron, wasting energy and generating heat- 
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In the dyntano the useful currents tend to suppress them : in the 
motor, to increase them. They are regarded as the chief cause of 
loss of energy in motors. Complete lamination of the core with 
thin disks and perfect insulation is the remedy. 

What are some of the varieties of motors? 

Motors may be series, shunt, or compound wound. The Spragiic 
is compound wound. In some the rotation of the armature is rever- 
sible. Motors may be direct-current or alternating, the latter re- 
quiring two commutators, one for the motor and one for the generator. 
TheTesla and the Westinghouse-Tesla motors are of this kind. 

How is the power distributed to motorg ? 

The parallel S3'stem is more practical than the series when a num- 
ber are operated in shops from one or more large dynamos. Special 
methods are required for its application to cars. The trolley system 
is most common. Here an insulated wire is suspended above the 
track, and connection made between it and the motor on each car by 
a trolley attached to the end of a connecting rod projecting above 
the car. The direct current is usually employed : it enters the motor 
by this rod, and returns by a brush or other sliding connection with a 
wire placed in a conduit between the rails. Or the return current 
may be through the rails, as they are pretty well insulated on the 
wooden sleepers. On elevated roads the positive conductor may be 
connected with a central rail, and the track-rails used for return 
circuit. 

Thermo-magnetic motors are still in the experimental stage. 

Describe the indnctorium or indnction coil. 

The principle has been alluded to. The coils consist of a bundle 
of soft-iron wire surrounded by a primary and a secondary coil. The 
first is connected with a battery, and is alternately opened and closed 
by a self-acting arrangement. Induced currents in rapid succession 
are produced in the secondary coil. Three or four Grove cells with 
this instrument can produce effects equal to those obtained from 
electric machines or Leyden batteries. 

Describe Rnhmkorff's coil. 

This is an inductorium of improved construction. The primary 
coil consists of a fe\v layers of coarse cotton-wound copper wire. It 
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ie about 12 niDi. thick and -Ui or 50 metres lung. Outside tLis m an 
insulating cylinder of glass or rubber on wbiuh tlie scouiiJary coil is 
wuuud. This is niaJe of fine silk-wound copper wire, 1 or J mm. 
thick, and in Mr. Spottiswoode's machine it was 280 miles long. 
Tile tliinner and loHger, the higher the induced potential. Insula- 
tion liiis' to be done with extreme cure, and the layers are separated 
by mclied shellac or paraffin. The core is a bundle of wires, to pre- 
vent Foiicault currents, alid they are soldered together so as to be 
moved in a muss. The coil thus completed (Fig. la^i} is mounted on a 




base of wood or hard rubber, in the bottom of which is a condeimer, 
consisting of a number of sheets of tin-foil insulated Irom eueh other 
by paraffined ptiper. The alternate ends of the foils project, so that 
all oddly numbered sheets are in contact at one end, and all evenly 
numbered at the other. Eauh end is connected with the interior 
terminal of the primary coil, so the condenser is directly in the 
primary circuit as a sort of expansion of it It is generally omitted 
irotu medical und small coils. 

The action of the condenser is to serve as an escape for the direct 
estra current at time of breaking. The 4 E. goes to one coating 
and — E. to the other; they quickly combine by the primary coil, 
shortening the time of breaking, and producing a shorter and more 
intense induced current. 

The primary current must be constantly interrupted, as secondary 
currents are only produced at snaking and breaking. The inter' 
riiptfr is placed in the primary circuit, and in small coils consists of 
a light steel spring called the rihrator (Fig. 154). A little hammer 
li presses against the point of the screw d and closes the circuit, but 
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A sliding core is often desirable in coils for medical use, to vary 
the strength of the induced current by varying the magnetism in the 
primary coil. In this case a small electro-magnet operates the inter- 
rupter, instead of the magnetism of the core. 

The same object may be accomplished by varying the resistance 
of the primary circuit. This is done by a water rheostat. One 
terminal is let into a tube of water at the bottom, and the other is 
attached to the top of a plunger, by which the distance between the 
terminals, and so the resistance, can be varied. In large coils special 
construction and winding are required to prevent short circuiting 
and to reduce what is known as the ''Leyden-jar effect," which 
occurs between the outer coating of the primary coil and inner coat- 
ing of the secondary. 

What are the uses and effects of the induction coil? 

The coil is a converter, changing electricity of low potential and 
large quantity into that of high potential and small quantity — 
dynamical into statical. The maximum spark obtained from the 
largest voltaic battery ever constructed was only J in. long, while 
Spottiswoode's great coil with thirty GroVe cells gave one 42J in. 
in length and perforated glass 3 in. thick. 

A coil and battery are used for gas lighting. The wire is inter- 
rupted at each burner, and gives short, thick sparks, which pass in 
series through the escaping gas. The spark coil is employed, con- 
sisting of the primary coil and core, used with a strong current. 
The secondary coil and interrupter are dispensed with. 

Very curious luminous effects are produced in vacuo and in differ- 
ent vapors. Geissler's tvhes are of glass filled with various vapors, 
and then exhausted and sealed. Two platinum wires are soldered 
into the ends of the tube, and when sparks from a coil pass mag- 
nificent lustrous striae, separated by dark bands, are produced — 
gyrations and many tints. 

In an absolute vacuum there is no electrical discharge ; it is a per- 
fect non-conductor. 

Dr. Crookes attributes to fluorescence most of these luminous 
phenomena. 

Magnets act on the light of Geissler's tubes, and produce a rota- 
tion of induced currents. 
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Heat is also developed by the induction of powerful magneU on 
bodies in motion. Considerable force ima to be used to rotate a 
solid disk between the poles of a ponerful electro-magnet, and the 
disk becomes heated. The currents produced and transformed into 
heat are the Fmuxtvlt currents. 

The Telephone. 
What ii its hiatoiy ! 

Fifteen yeaisb^ore Bell, Philip Keis in 1861 invented the receiver 
and traDsmitter of a telephone. Dolbear also had one of mmilar 
construction, filisha Gray next had a singing telephone and filed 
a caveat in 1876. The same day Bell filed a caveat for mgnals : see- 
ing Gray's, he changed his own and got a patent. Ckums for 
priority were made by Gray, Drawbaugh, and Cushman. Bell now 
holds the monopoly, not only for his own, but for all telephonio 
communication. 

Seacribe tbe Bell telephone. 

A magnet, spool of wu^e, and diaphragm are the essentials of the 
transmitter or receiver. % steel magnet about 4 in. long is enclosed 
in a wooden case. Around its north pole is fitted a thin flat bobbin, 
B B, holding about 250metres of No. 38 Cu wire (Fig. 155), the 



Fio-lfi 




ends of which appear at the screws C C. One mm. in front of the 
magnet is a soft sheet-iron diaphragm of about the thickness of letter- 
paper. There is no galvanic battery. Each instrument may he used 
as a sender or receiver, hut the sender is usually of a difierent shape, 
larger and more powerful. 
If a co'i} surround a magnet, we have seen that changes in the 
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ma^etism will induce currents in the wire. In the telephone the 
ma^et and its coil remain fixed : by induction the iron membrane 
18 converted into a magnet. When this vibrates its centre of mag- 
netism continually changes, producing fluctuations in that of the per- 
manent magnet Thus currents are produced in alternate directions 
in the coil of wire. These currents, being transmitted in the cir- 
cuit to a distant coil, alternately attract and cease to attract a cor- 
responding diaphragm. The vibrations of the sender are exactly 
leproduoed at the receiver, and sound is thus transmitted by 
electricity. 

One end of the ooil is connected with the earth, and the other 
wkh the line. Corresponding connections are made with the cor- 
responding instrument at the distant station. These currents are of 
exceedingly small force, about one thousand million times less than 
those of ordinary use. It is estimated that not more than TJjhsjs 
of the mass of sound is reproduced. The sender is really a small 
dynamo, changing motion into electricity, and the receiver is the 
motor reversing the process. 

Improved transmitters : describe Edison^s. 

The first great improvement was by Edison — ^viz. to introduce a 
carbon button and a battery into the circuit. The voice, instead of 
generating currents, is only obliged to control a current already gen- 
erated. Loose contact between any two parts of a circuit increases 
the resistance and weakens the current. A platinum point is here 
used on the centre of the disk. A carbon button is pressed gently 
against it by a spring, all of which are in the circuit. Every vibra- 
tion of the disk causes a variation in the pressure between these two 
electrodes, and a corresponding variation in the current resistance. 
This changes the current strength, and therefore the force with 
which the receiving magnet pulls its disk. The Edison transmitter 
and the Bell receiver are often used together. 

Another great improvement by Edison was the use of the induc- 
tion coil. The battery current traverses only a local circuit, includ- 
ing the coil, and the coil produces one of much greater force, possess- 
ing all the fluctuations of the primary current. 

What is the Blake transmitter? 
This is the one most familiar to us, and is employed by the Bell 
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Co. throughout the United States. It is an improved form of 
Edison's — a carbon button transmitter. The accessory apparatus is 
a voltaic cell, the induction coil, and the bell-call. In the upper 
cabinet, above the transmitter, is the signalling apparatus invented 
by Gilliland, and connected directly with the line. When we turn 
the external handle we operate a small hand dynamo or magneto- 
electric machine. A current is generated which drops an annunci- 
ator at the central station. The call-beUs are operated by a double- 
coil electro-magnet, to the armature of which the clapper is attached. 
In the lower cabinet with the slanting top is a Leclanch^ cell. This 
establishes a primary circuit through the parts of the transmitter 
and through the induction coil contained within it. The secondary 
circuit of this coil is connected with the line and the earth by its 
opposite terminals. When the receiver is removed from its hook 
this lever rises a little and throws the bells, etc. out of the circuit, 
and closes the battery circuit, which sends a current through the 
transmitter and primary coil. The weight of the receiver opens the 
battery circuit, and so prevents exhaustion of the battery when its 
current is not required. 

What is Edison's loud-speaking telephone? 

This is a receiver where a spring connect<ed with a vibrating mica 
disk presses upon a cylinder of chalk. This chalk is moistened with 
acetate of Hg and caustic soda, and it can be rotated by clockwork. 
Both the chalk and the spring are in the circuit. Suppose a 
momentary current from the line passes : the friction between the 
rotating chalk and spring is lessened by a decomposition, and the 
mica disk is pulled inward. At other times it is dragged outward, 
thus producing pulsations and sounds. 

How is long-distance telephoning accomplished? 

The lines are separated from telegraph lines, and are complete 
metallic circuits without ground connections. The wire is copper. 
No. 12. To prevent "cross-talk" where several lines are on the 
same poles, transpositions are made at regular intervals by crossing 
the two branches of the line without contact, so that each takes 
the place of the other on the cross-arms. This neutralizes the 
induction. 

The Humiing transmitter and the Bell receiver are used. This 
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ttananitter has a disk of platinum-foiL Behind and parallel with 
it^ at a distance of ^ in. , is a second disk of gold-plated brass, and 
tlie tpaoe between is filled with finely granulated carbon. The bat- 
ttty cmrent passes through the disks and carbon. In front is a 
mekallic ftumel-shaped mouth-piece. Lines 600 miles long are now 
ia piactical working order. 

JMMtgplex telephonic transmission, similar to telegraphic, is not yet 
■QOoeflBfbL 

Telephones are used to test acuteness of hearing and for galvano- 
Mopes. When one is inserted in the circuit of an induction coil or 
Hdts machine, a note of certain pitch is produced. 

Deseribe the microphone. 

This was invented by Hughes in 1878, and by it feeble sounds can 
be reproduoed in a telephone receiver. A small carbon rod pointed 
at both ends is loosely mounted vertically between two carbon sup- 
ports attached to a thin sounding-board. The terminals of a bat< 
teiy drcoit in which a telephone receiver is included are attached to 
these supports, and the slightest sounds, as the walking of a fly on 
the sounding-board, are distinctly heard in the receiver. This instru- 
. ment is too sensitive for ordinary transmission. 

Deseribe the induction balance. 

The presence of bullets in a body or differences in weight and 
composition of metals may be detected by the induction balance. 
Take two exactly equal primary coils and place them near two 
exactly equal secondary coils. In the circuit of the primary coils 
is a battery and a microphone. The secondary coils are joined with 
a telephone and galvanometer. When the coils are in exact balance, 
there is silence in the telephone, and the needle is not deflected ; but 
if a piece of metal Is introduced into the secondary coil, a sound is 
at once heard. A milligram of Cu can be heard. A false coin bal- 
anced against a genuine one is detected. 

Wbat is the tasimeter? 

This instrument was invented by Edison, and consists of a piece 
of carbon forming part of a voltaic circuit and exposed to varying 
pressure. A galvanometer is also in the circuit. The slightest 
expansion of any substance compressing the carbon is readily noted 
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by the needle. The heat of the hand, or, it is said, the presence of 
a cow in the jrard, will affect this instrument. 

What is the principle of Bell's photophone? 

This instrument transmits articulate speech by the agency of a 
ray of light. A ray of sunlight &Ils on the transmitter, which is a 
wooden box closed at the back by a thin silvered mirror. The 
vibrating ray from this surface is concentrated upon a sdenium 
rheostat, which consists of thin disks of brass and mica and melted 
Se. This is in a battery circuit with a telephone receiver. The action 
depends on the alterations in the resistance of Se produced by the 
action of light, and these alterations produce articulate sounds in 
the telephone. 

How are thermo-electric currents produced? 

Thermo-electricity is dynamical, produced by heat. It was first 
investigated by Seebeck in 1821. When one of the soldered junc- 
tions of a metallic circuit is heated, an electric current is produced ; 
if this junction be cooled, an opposite current results. 

By experiments, a thermo-electric series is arranged with Bi at one 
end and Sb and Se at the other. Bi is the + metal and — electrode, 
so a Bi — Sb couple soldered together corresponds to a Zn — Cu 
couple in H2SO4. The current goes from Bi to Sb across the solder, 
as it goes from Zn to Cu in the liquid. The intensity of the current 
is proportional to the difference of T. between the junctions. Hot 
and cold water in contact can produce a current from hot to cold. 

What uses are made of this electricity? 

Nobili's thermo-electric pile or battery consists of a series of five 
couples of Sb and Bi arranged in four vertical columns. The Bi of 
one series is joined with the Sb of the next, and the free ends with 
a galvanometer (Fig. 47). These are placed in a box provided with 
a cone for concentrating heat. Thus arranged, we have the thermo- 
multiplier of Melloni (Fig. 48). It serves as a most delicate ther- 
mometer. The E.M.F. of these currents is very small, but is con- 
stant and may be used for telegraphy. 
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Achromatism, 178. 
Achromatopsy, 195. 
Aclinic line, 228. 
Acoustics, 206. 

Acoustic attraction and repulsion, 220. 
Actinic rays, 172. 
Adhesion, 29. 

Advantage of alcohol in thermome- 
ters, 84. 

of mercury in barometers, 67. 

of mercury in thermometers, 79. 
After-image, 171. 
Air-pump, 70. 
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Arago's experiment, 298. 
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Arc-light regulators, 270. 
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cylinder, 304. 

Gramme's, 303. 
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pressure, 62. 
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Bell's photophone, 318. 
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Blake's transmitter, 315. 
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Chemical effects of current, 276. 

of electrical discharge, 244. 
Chemical equivalents, 278. 

harmonicon, 219. 

hygrometer, 114. 
Chemism, 26. 
Chromatic aberration, 178. 
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Coefficient of expansion, 87, 89, 91. 
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Collodion process, 186. 
Color blindness, 195. 
Colors, 169. 

complementary, 170. 

mixed, 171. 
Combustion, 134. -.' 
Commutator, 301, 303, 312. 
Compass, mariner's, 227. 
Comparison of cells, 257. 

of voltaic and frictional electric. 
ity, 258. 
Compensating balance-wheel, 89. 



INDEX. 



321 



Compenntiag ftripf, 88. 
Compenvation penaalamy 88. 
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engine, 131. 
Corrections for barometer, 67. 
Correlation of energy, 137. 
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temperature, 105. 
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Currents, induced, direct, 296. 

induced, inverse, 296. 

induced by magnets, 298. 

thermo-electric, 120, 318. 
Curved mirrors, 148. 
Curvilinear motion, 35. 
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Dalton's hypothesis, 23. 
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Descartes' law, 156. 
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Diamagnetic substances, 225. 
Diathermancy, 122. 
Diatonic scale, 213. 
Differences in specific heat, 125. 
Diffraction, 141, 200. 
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Diffused heat, 122. 

light, 154. 
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Dip, 227. 
Direct induced currents, 296. 
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Gilliland's signalling apparatus, 316. 
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Graduation of thermometer, SO. 
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Gratings, 200. 
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Hunning's transmitter, 316. 
Hydraulic press, 41. 
Hydrometer, Beaum6's, 55. 

Fahrenheit's, 54. 

Nicholson's, 50. 

Twcddell's, 55. 
Hydrostatics, 40. 
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Discharging rod, 241. 
Discoveries by spectroscope, 175. 
Dispersion, 167. 
Displacement of sero, 84. 
Disque form of Leclanch6 cell, 255. 
Dissipation of energy, 138. 
Dissociation, 177. 
Distillation, 1 10. 

fractional, 110. 
Distribution of electricity, 235. 

of electric lamps, 273. 
D5bereiner's lamp, 134. 
Doppler's principle, 209. 
Double refraction, 197. 
Double touch, 230. 
Dr. Draper's thermometer, 86. 
Dry pile, Zamboni's, 257. 
Dry plates, 187. 
Ductility, 28. 

Dulong and Petit's law, 127. 
Duplex telegraphy, 294. 
Duration of electric spark, 244. 
Dynamical electricity, 246. 
Dynamo, alternating-current, 308, 
309. 

constant-current, 307. 

constant-potential, 307. 

direct-current, 307. 

Edison's, 307. 

principle of, 302. 
Dyne, 39. 

Ebullition, 99. 

Echelon lens, 153. 

Echo, 210. 

Eddy currents, 309. 

Edison's loud-speaking telephone, 316. 

transmitter, 315. 
Effects of electric current, 2G7. 

of electric discharge, 243. 

of heat, 78. 
Effusion, 60. 
Elasticity, 27. 

Elastic force of vapors, 100. 
Electric motors, 309. 
Electric welding, 269. 
Electrical chimes, 241. 

condenser, 241. 

machines, 300. 

units, 258. 

whirl, 241. 
Electricity, atmospheric, 244. 

development of, 2.35. 

distribution of, 235. 



Electricity, dynamioa!, 246. 

frietional, 233. 

history of, 232. 

kinds of, 232. 

theories of, 233. 

transference of, 236. 
Electro-dynamics, 285. 
Electrolysis, 276. 

laws of, 277. 

secondary, 277. 
Electrolyte, 276. 
Electro-magnets, 287. 

uses of, 288. 
Electro-magnetic machines, 300. 
Electro-metallurgy, 279. 
Electro-motive force, 248, 259. 

series, 248. 
Electrophorus, 238. 
Eleotropion, 254. 
Electro-plating, 280. 
Electroscope, gold-leaf, 237. 

pith -ball, 234. 
Electrotyping, 280. 
Elements, 18. 
Emission theory, 77, 139. 
Encke's comet, 139. 
Endosmose, 60. 
Energy, 17, 39. 

conservation of, 137. 

correlation of, 137. 

dissipation of, 138. 
Enfeeblement of currents, 250. 
Equilibrium, 32. 
Erg, 39. 
Evaporation, 99. 

in production of cold, 107, 136. 

laws of, 102. 
Exosmose, 60. 
Expansion, absolute, of mercury, 90. 

apparent, 89. 

real, 89. 

of gases, 91. 

of gases, coefficient of, 91. 

of liquids, 89. 

of liquids, coefficient of, 89. 

of solids, 87. 

of solids, coefficient of, 87. 
Experiments with electricity, 241. 
External work, 78. 
Extra currents, 299. 
Extraordinary ray, 198. 
Eye, 191: 

emmetropic, 194. 

hypermetropic, 194. 
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Eye, myopic, 194. 

presbyopic, 194. 
Eye-piece, 179. 

Fahrenheit's hydrometer, 54. 

therinometric scale, 81. 
Farad, 259. 

Faraday's liquefaction of gases, 111. 
Faradic current, 311. 
Faure's cell, 284. 
Field magnet, 3U2, 304. 
Figure, 22. 
Films, 187, 199. 
Finder, 181. 
Fire-alarm box, 289. 
Fixing a picture, 185, 186. 
Floating bodies, 46. 
Fluids, 20, 6]. 
Fluorescence, 177. 
Fluxes, 94. * 
Focal distance, 148. 
Foci in concave lenses, 162. 

in convex lenses, 161. 

in concave mirrors, 148. 

in convex mirrors, 150. 
Foot-pound, 38. 
Force, 26. 
Force-pump, 74. 
Fortin 8 barometer, 66. 
Foucault currents, 309, 314. 

prism, 204. 
Franklin's plate, 241. 

theory, 234. 
Fraunhofer*8 lines, 173. 
Freezing-point, 80. 

lowered, 97. 
Freezing mixtures, 98. 
Friction, 132. 
Frictional electricity, 233. 
Fringes, 199. 
Fulgurites, 134. 
Fulminating pane, 241. 
Fusion, 92. 

laws of, 92. 

Galvanometer, 262. 

sine, 263. 

tangent, 263. 

Thomson's, 26.3, 294, 
Oalloway tubes, 130. 
Gamut, 213. 

Gases, characteristics of, 20. 
Gas engines, 131. 
Geissler's tubes, 313. 



Gelatin transfer, 189. 
Gilliland's signalling apparatus, 316. 
Glycerin barometer, 66. 
Gonda form of Leclanch6 cell, 256. 
Graduation of thermometer, 80. 
Graham's ^w, ^7. 
Gramme's armature, 303. 
Graphophone, 221. 
Gratings, 200. 
Gravesande's ring, 87. 
Gravitation, 30. 
laws of, 31. 
Gravity cell, 256. 
Grenet cell, 254. 
Gridiron pendulum, 88. 
Grothiiss' theory, 250. 
Ground switch, 293. 
Grove's cell, 253. 
Gun-cotton, 186. 
Gunpowder, formula of, 23. 

Hardness, 27. 

Hare's deflagrator, 249. 

Harmonics, 214. 

Harmonicon, chemical, 219. 

Harrison's method of ice-making, 

108. 
Heat, 77. 

mechanical equivalent of, 137. 

sources of, 131. 

theories of, 77. 

transmission of, 117. 
Heating effects of electrical current, 
268. 
of electrical discharge, 243. 
Heating, methods of, 136. 
Heliostat, 154. 
Henry currents, 299. 
History of electricity, 232. 

of electric telegraph, 289. 

of photography, 184. 

of telephone, 314. 
Holtz machine, 239. 
Homogeneous light, 172. 

medium, 141. 
Horse-power, 39, 131. 
Horseshoe magnet, 88. 
Hunning's transmitter, 316. 
llydrnulic press, 41. 
Hydrometer, Beaum6's, 55. 

Fahrenheit's, 54. 

Nicholson's, 50. 

Tweddell's, 55. 
Hydrostatics, 40. 
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QjdrofUUo bdanoi^ 4^ M, U. 

iMllowt, 43. 

pAradoz, 4S. 
HjgromtUm, abforption, 110. 

olMmiMl, 114. 

dew-point or DanioU'j, 115. 

Regnaah'f, 116. 

wet and dry balb, 116. 
Hygrometrie ttate, US.. 
Hygrometry, 113. 
UygroMOpe, 114. 
Uypermetropia, 194. 

ICB MACHINES, 108. 

Identity of liglitning and eleetrieity, 

244. 
niaminated foantain, 158. 
lUuttrations of ezpaaf ion, 87. 
Imaffea, real and virtnal, 147. 

In eoneaTe lenMe, 164. 

in con Tex lenses, 163. 

in eonoaTO mirrorSy 160. 

in eon Tex mirrors, 163. 

in plane mirrors, 146. 
Inaeouraoy of thermometers, 84. 
Inoandesoent electric light, 373. 
Inclination, 227. 
Indestruotibility, 23. 
Index of refraction, 156. 
Induced currents, 295. 

properties of, 299. 
Induction balance, 317. 
Induction coil, 310. 

effects of, 31.3. 
Induction of electricity, 236. 
Inductorium, 310. 
Inertia, 34. 

Instruments of projection, 182. 
Intensity of light, 143. 

of electric light, 272. 

of radiant heat, 121. 
Intensity of sound, 208. 
Interference of light, 198. 

of polarized light, 204. 

of sound, 215. 
Intermittent siphon, 76. 
Internal work, 78. 
Interrupter, 311. 
Inverse induced currents, 296. 
Ions, 276. 
Isoolinic line, 228. 
Isodynainio line, 228. 
Isogonio line, 227. 
Isomerism, 25. 
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Joule's tqoiTalenty 137. 
JoUen eJl, 284. 
Jorin's law, 69. 

KATHBLlCTBOTOirUBy 268. 

Key, 291. 

Kilogrammetre, 39. 
Kinds of electrieity, 232. 
Kinetic energy, 40. 
Kinetograph, 221. 
Kingdoms of matter, 18. 
KSnig's manometric flameii 220. 

Lactombtbb, 56. 
Ladd's maahine, 803. 
Lambert-type, 189. 
Laryngoscope, 165. 
Latent heat, 94. 

of fusion, 94. • 
of vaporiaatioa, 166. 
of water, 94. 
Law of action of deetiiied bod 
234. 

of ATOgadro, 48, 57. 

of boiling, 102. 

of Boyle or Mariotte, 61, 69. 

of capillarity, 59. 

of Charles, 91. 

of Dalton, 112. 

of Dulong and Petit, 127. 

of electrical attractions, 235. 

of fusion, 92. 

of gaseous absorption, 69. 

of Graham, 57. 

of gravitation, 31. 

of heating effect of current, 2 

of intensity of radiant heat, 

of inverse squares, 144. 

of Jurin, 59. 

of magnetic attractions, 229. 

of magnets, 223. 

of motion, 34, 37. 

of parallel and angular cum 
285, 286. 

of radiation of heat, 121. 

of reflection of heat, 121. 

of reflection of light, 146. 

of refraction, 156. 

of solidification, 97. 

of vapors in vacuo, 100. 

of vibrations of strings, 215. 
Leclanch^ cell, 255. 
Lenses, 160. 
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Lens, aohromatiOf 178. 

Lever, 38. 

Leyden batterj, 243. 

jar, 241. 
Liebig'g oondensefy 111. 
Lifting pomp, 74. 
Light, 139. 

homogeneoot, 172. 

polarised, 201. 

prodoction of, 201. 

Boarces of, 196. 

theories of, 139. 
Lightning-arrester, 293. 

rods, 245. 
Limits of perceptible sounds, 211. 
Lissajous' method, 219. 
Liquefaction of gases, 111. 

of vapors, 109. 
Liquids, characteristics of, 20. 

fixed, 99. 

volatile, 99. 
Local action, 250. 
Locomotives, 130. 
Lodestone, 222. 
Long-distance telephone, 316. 
Loops, 216. 

Luminiferous ether, 139. 
Luminous bodies, 140. 

effects of currents, 243, 269. 

effects of electrical discharge, 243, 
244, 310. 

Machine, 37. 

electrical, 300. 

magneto-electric, 300. 
Magdeburg hemispheres, 63. 
Magic lantern, 183. 
Magnetic battery, 231. 

curves, 229. 

effects of electrical discharge, 243. 

elements, 226. 

field, 229. 

induction, 224. 

intensity, 228. 

lag, 304. 

rupture, 224. 

spring water, 230. 

storms, 227. 

substances, 225. 
Magnetism of iron ships, 230. 

residual, 288. 

source of, 229. 

terrestrial, 225. 

theory of, 224. 



Magnets, 222. 

on bodies in motion, 298. 

from earth's induction, 230. 

laws of, 223. 
• properties of, 223. 

uses of, 232. 

varieties of, 222. 
Magneto-electric machines, 300. 
Magnifying power, 180. 
Malleability, 28. 
Manometers, 62. 

Manometric flames, Konig's, 220. 
Mariner's compass, 227. 
Mariotte's law, 61. 
Mass, 25. 
Matter, 17. 

properties of, 21. 

states of, 20. 

subdivisions, 24. 
Maximum density of water, 90. 
Maximum and minimum thermome- 
ters, 86. 
Measurement of electrical consump- 
tion, 279. 

of heights, 68, 105. 

of vibrations, 211. 
Mechanical effects of electric dis- 
charge, 243. 

equivalent of heat, 137. 
Melloni's thermo-multiplier, 120. 
Meniscus, 59, 160. 
Mercury pendulum, 89. 
Method by cooling, 126. 
Methods of heating, 130. 
Method of melting ice, 125. 

of mixtures, 126. 

of specific heat, 125. 

of winding field magnets, 304. 
Metric system, 22. 
Micrometer, 174. 
Microphone, 317. 
Microscope, binocular, 180. 

compound, 179. 

simple, 164, 179. 

solar, 183. 
Mirage, 158. 
Mirrors, 146. 
Mixture of gases and vapors, 112. 

Dalton's laws of, 112. 
Mohr's scale of hardness, 27. 
Moisture and death-rate, 117. 
Molecule, 24. 
Momentum, 37, 39. 
Monochromatic light, 172. 
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Monometric system, 197. 
Morse code, 290, 294. 
Motion, 34. 

accelerated, 36. 
Motors, electric, 309. 

varieties of, 310. 
Mouth instruments, 217. 
Multiple arc method, 274. 

images, 153, 154. 

series method, 274. 
Multiplex telephony, 317. 
Music, 212. 
Musical intervals, 212. 

scale, 213. 
Myopia, 194. 

Native elements, 19. 
Negatives, 189. 
Neutral line of magnet, 223. 
Newton's laws of gravitation, 31. 
of motion, 34, 37. 
rings, 199. 
Nicholson's hydrometer, 50. 
Nickel plating, 282. 
Nicol's prism, 203. 
Nobili's thermo-electric pile, 318. 
Nodes, 216. 
Noise, 206. 

Non-condensing engine, 131. 
Non-conductivity of heat, 119. 
Norremburg's apparatus, 204. 

Object of chemistry, 17. 

of physics, 17. 
Objective, 179. 
Occlusion of gases, 70. 
Oersted's experiment, 262. 
Ohm, 259. 
Ohm's formula, 264. 

law, 264. 
Opaque bodies, 140. 
Opera-glass, 181. 
Optical apparatus of eye, 191. 

centre, 161. 

instruments, 178. 
Optics, 139. 
Ordinary ray, 198. 
Organ pipes, 217. 

closed, 217. 
open, 218. 
Orthochromatio plates, 187. 
Osmose, 59. 
Overtones, 214. 



Papin's digester, 105. 
Parabolic mirrors, 152. 
Parallelogram of forces, 35. 
Paramagnetic substances, 225. 
Pascal's experiment, 64. 

law, 40. 
Path of ray through the eye, 192. 

through medium with paral- 
lel sides, 158. 
through prism, 159. 
Pencil of light, 140. 
Pendulum, compensation, 88. 

mercury, 89. 

second, 37. 
Penumbra, 141. 
Perception of sounds, 215. 
Percussion, 133. 

Persistence of visual impressions, 195. 
Phase, 207. 
Phonautograph, 219. 
Phonograph, 220. 
Phosphorescence, 196. 
Photography, 184. 

of colors, 187. 

history of, 184. 
Photo-lithograph, 191. 
Photo-mechanical processes, 190. 
Photometers, 144. 
Photo-micrography, 188. 
Photophone, Bells, 318. 
Physical agents, 21. 
Physics, definition of, 17. 
Physiological effects of current, 267. 

of electric discharge, 243. 
Pigments, 171. 
Pitch, 212. 
Plane mirrors, 147. 
Plantg's cell, 283. 
Plate machine, 238. 
Platinum light standard, 272. 
Pneumatic syringe, 132. 

tube, 73. 
Polanscope, 204. 
Polarity, 29. 
Polarization, 201, 250. 

by absorption, 201. 

by double refraction, 203. 

by single refraction, 203. 

by reflection, 202. 
Polarized Ught, 201. 
Polarizer, 202. 
Polarizing angle, 202. 

instruments, 204. 
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^^,^7 of a magnet, 223. 
>^V?^ity, 26. 
> J^tive force, 231. 
^^^^tives, 188, 190. 

^^Jitial, 248. 
;u^ energy, 40. 
W*^der-ram, 132* 
^^abyopia, 184. 
'^^ressnre of atmosphere, 62. 
and boiling-point, 103. 
in liquids, 41, 47. 
and melting-point, 93. 
as source of heat, 132. 
Prevost's theory of exchanges, 121. 
Principle of Archimedes, 45, 70. 
Principal axis, 148, 161. 

focas, 148. 
Prism, 159. 

Nicors, 204. 
right-angled, 159. 
Problems in specific heat and mix- 
tures, 128. 
thermometry, 84. 
Production of sounds, 214. 
Propagation of sounds, 206. 
Properties of electric light, 272. 
of induced currents, 299. 
of magnets. 223. 
of matter, 21. 
Psyohrometer, 116. 
Pumps, air, 70, 71. 
condensing, 73. 
- force, 74. 
suction, 74. 
uses of, 72, 73. 
Pyknometer, 51. 
Pyrometer, 86. 

Qualities or a perfect battery, 267. 
Quadruplex telegraphy, 295. 

Radiating power of bodies, 122. 
Radiation of heat, 119. 

laws of, 121. 
Radiometer, ?1. 
Rapidity of evaporation, 102. 
Rates of diffusion, 57. 
Ray of light, 140. 
Real foci, 161. 

images, 147. 
R6aumur scale, 81. 
Receiver, 291. 

Reoomposition of white light, 168. 
Recorder^ 291. 



Recorder, siphon, 294. 
Recording thermometers, 85. 
Reed instruments, 217. 
Reflecting power of bodies, 122. 
Reflection of heat, 121. 

of light, 146. 

of sound, 209. 
Refracting angle, 159. 
Refraction, double, 197. 

effects of, 157. 

explanation of, 155. 

index of, 156. 

laws of, 156. 

of sound, 210. 
Refrigerating machines, 109, 136. 
Register, 291. 

Regnault's hygrometer, 116. 
Regulators of arc light, 270. 

Von Alteneck, 271. 
Relay, 293. 
Repeater, 293. 
Repulsion, 28. 

in acoustics, 220. 
Residual magnetism, 288. 
Resistance coils, 260. 
Resolution of forces, 35. 
Resonances, 210, 214. 
Resultant, 35. 
Rheostat, 260, 313. 
Rotary polarization, 204. 
Ruhmkorff's coil, 310. 
Rumford's photometer, 144. 
Rutherford's thermometer, 85. 

Saccharimeter, 205. 
Safety lamp, 135. 
Saturated vapors, 100. 
Savart's toothed wheel, 211. 
Second pendulum, 37. 
Secondary axis, 148, 161. 

electrolysig, 277. 
Self-induced currents, 299. 
Sensitize a plate, 185, 186. 
Separate excitation, 308. 

touch, 229. 
Series method, 274. 

winding, 304. 
Shadow, 141. 
Shunts, 261. 
Shunt winding, 305. 
Siemens' armature, 302. 
Silver-chloride cell, 257. 
Single touch, 229. 
Siphon, 75. 
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Siphon, barometer, 66. 
intomiUMity 76. 
roeordmr, 294. 

UIMO^Tft. 

Siren, Sll. 

Sliding core, 613. 

Smee cell, 351. 

Solar radiation, 188. 

Solenoid, 386. 

Solidifioatiun, 97. 

Solida, oharaoterisUet of, 36. 

Solation, 96. 

Sonoroas body, 306. 

Sound, 306. 

oauie of, 306. 

perception of, 315. 

produetion of, 314. 

refleetion of, 309. 

refiraotlon of, 310. 
Sounder, 391. 
Souroei of cold, 1 fiS. 

of beat, chemical, 184. 
mechanical, 133. 
pbjsioal, 183. 

of light, 196. 

of magnetism, 229. 
Spark-coil, 313. 
Specific gravity, 46. 

bottle, 51, 5.% 57. 

bulbM, 53. 

of gascH, 56. 

of liquids, 52. 

of solids, 47, 50. 

of soluble substances, 52. 

summary of, 57. 

tables, 49. 

of vapors, 43. 
Specific heat, 124. 

cautsci) of difierences in, 125. 

determination of, 125. 
Spectra, kinds of, 176. 
Spectroscope, 174. 

direct view, 175. 

discoveries by, 175. 
Spectrum, 168. 

analysis, 173. 

by diffraction, 201. 

explanation of, 168. 

properties of, 172. 
Spherical aberration by reflection, 
15.3. 

refraction, 165. 
Spheroidal state, 112. 
Sprengel's air-pump, 71. 



SUndard eaadit, 144. 
Standard! of ipeeifie grarily, jS, 

for i ti e et lamjM^ 375. 
States of eqviiihriafli, 91. 

of iron, 93. 

of matter, 30. 
Steam engines, 139. 
Stereoptieon, 188. 
StiU, 110. 
Storage battery, 383. 

cUiadTantages oi, 385. 

uMi 0^384. 
Strain, 37. 
Street 37. 
Sublimation, 111. 
Sabmarine eablei. 890, 394. 
« SoeUon of ooil,^' 388. 
Snetion-pamp, 74. 
Salphate>of-meroar7 battvy, 3iT. 
Summary of eleetiieal aniti, 361. 

of imagae by mirron^ 158. 

of lenaee and mirroriL 16^. 

of fpeoifto graWtj, 57. 
" Swinging the ■ldp,*'^380. 
Symmer's theory, 384. 

Tablb or xLBono-oovouonnfBi 
233. 

of specific gravity, 49. 
Talbot-type, 185. 
Tasimeter, 317. 
Telegraph, dial, 294. 

printing, 294. 
Telegraphy, autographic, 294. 

duplex, 294. 

essentials of, 290. 

history of, 289. 

quadruples, 295. 
Telephone, Bell's, 314. 

Edison's lond-q>eaking, 316. 

history of, 314. 

long-distance, 316. 
Telescopes, 180. 

astronomical, 180. 

Oalileo's, 181. 

Gregory's, 182. 

Hersohel's, 182. 

Newton's, 182. 

reflecting, 182. 

refracting, 182. 

terrestrial, 180. 
Temper, 27. 
Temperature, 78. 

in solutions, 96. 
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Tenaoity, 27. 

Tension of vapors, 100. 

Terrestrial heat, 133. 

magnetism, 225. 
TheorieM of eleotrioitj, 233. 

of exchanges, 121. 

of heat, 77. 

of light, 139. 

of magnetism, 224. 

of solar heat, 133. 
Thermal analysis of sunlight, 122. 
Tiiermal unit, 124. 
Thermo-electrioifj, 120, 318. 
TLermoiueters, 78. 

accurate, 85. 

air, 85. 

alcohol, 84. 

clinical, 85. 

delicate, 85. 

Dr. Draper's, 86. 

maximum and minimum, 86. 

mercurial, 79. 

recording, 85. 
Thermo-multiplier, 120. 
Thermopile, 120. 
Three-wire system, 274. 
Timbre, 212. 
Tin-type, 187. 
Torricelli's experiment, 63. 

vacuum, 64. 
Total reflection, 157. 
Tourmaline pincette, 201. 
Transference of electricity, 236. 
Translucent bodies, 140. 
Transmission of heat, 117. 
Transmitter, 315. 

Blake's, 315. 

Edison's, 315. 

Hunning's, 316. 
Transparent bodies, 140. 
Trolley system, 310. 
Tweddell's hygrometer, 55. 
Tyndall-Grove cell, 253. 

Ultra-rbd rats, 172. 
Ultra-violet rays, 172. 
Undulation, 207. 
Undulatory theory, 77, 139. 
Uniaxial crystal, 198. 
Unit, thermal, 124. 
• Units of work, 38. 
Uses of air-pumps, 72. 

of barometers, 68. 

of condensing pumps, 73. 



Uses of electro-magnets, 232. 
of induction coil, 313. 
of magnets, 232. 
of siphon, 75. 

Vacoum pan, 104. 
Vaporisation, 99. 
Vapors, 99. 

aqueous, 101. 

density of, 113. 

elastic force of, 100. 

saturated, 100. 

tension of, 100. 

unsaturated, 101. 

in vacuo, 100. 
Variations in barometers, 68. 
Varieties of magnets, 222. 
Vegetable heat, 136. 
Velocity, 34. 

of electricity, 244. 

of light, 143. 

of sound in air, 208. 

of sound in gases, 209. 

of sound in liquids, 209. 

of 8oun<l in solids, 209. 

of sound in a vacuum, 36. 
Vertex of a mirror, 148. 
Vibrator, 311. 
Vibrations of mombranefi, 219. 

with different notes, 213. 
Vibrations of plates, 219. 

of rods, 219. 

of strings, 215. 

studied graphically, 219. 
Virtual foci, l.iO, 162. 

images, 147. 
Viscosity, 27. 
Visual purple, 195. 
Vitreous fusion, 93. 
Volt, 259. 
Voltaic cell, 247. 

pile, 249. 
Voltameter, 279. 

disadvantages of, 279. 
Voltampdre, 260. 
Volume, 21. 

apparent, 25. 

real, 25. 
Von Guericke's experiment, 63. 

Walker's ckll, 251. 
Water-hammer, 104. 
Water, maximum density of, 90. 
rheostat, 313. 



Witt. 2«0. 






W>lt-i<tMDi-cup'».12«- 




Wild-e mMhine, 302. 


Wi..e-lengtli, detormiDation of, SI*. 


Wimihurst'e mMhine, 240 


W«lber-|;lM., «B. 




Winding BeldmuneU, ZIf 


W.lgbt, 3». 




Wind initrumentB, 217. 


»r Un.<,.pb.r., 02. 




WalLuton'i bittsrv, 24>. 


W.lght M •qt.itar, 3(1. 
.Jift.r,7». 




doublet, 17B. 




Woodburj-lypa, 1*0. 


WelcliDK, 93. 
Wet-pUte prooDii, 188. 

whe.»ioii.> bridg., aei. 




Work, 38: "^^ 


lie. 


«Dil.of,3S. 










Zamiori'i dbt pili, 267. 



FRANCIS J. SHEPHERD, M.D., 

Profeflor of Anatomy and Lecturer in Operative Surgery, MoGill Uni- 
Tirrity, Montreal, Caniwla. 

LEWIS A. 8TIMS0N, M.D., 

Profeaor of Surgery in the Univereity of New York. 

J. COLLINS WARREN, M.D., 

AMoeiato Profeieor of Surgery in Harvard University. 



CHARLES H. BURNETT, M.D., 

Profeaor of Otology in the Philadelphia Polyclinic and College for Gradu- 
ates in Medioint. 

WILLIAM THOMSON, M.D., 

Profeaor of Ophthalmology in the Jefferson Medical College, Philadel- 
phia. 

Recognizing the fact that for a number of years there 
has been an increasing demand for a text-book on Surgery 
which should be at once concise and comprehensive, and 
at the same time essentially American in its teachings, the 
various authors have undertaken the preparation of such 
a work, which, instead of embodyinq the ideas of a single 

INDIVIDUAL, WILL BE COMPOSED OF A SERIES OF TREATISES, 
EACH WRITTEN BT A TEACHER OF SURGERT, BUT COMBINED 
INTO A SINGLE AUTHORITATIVE WORK BY MUTUAL CRITICISM 
AND REVISION. 

It is intended in this manner to obtain the undoubted 
benefit of the special knowledge and experience of the 
different authors in their respective lines of work, while 
avoiding all unnecessary detail. The book as a whole will 
thus faithfully represent the prevailing views and methods 
of American surgeons. 

The names and professional positions of the authors in- 
dicate without further explanation the general scope and 
character of the work. 

It will form a handsome royal octavo volume, printed in 
beautiful large clear type, on heavy paper, with numerous 

FIIfB ILLUSTRATIONS. 



Now in Preparation for Pnblication in Early Fall of 1892. 



A TREATISE 



ON THE 

Theory and Practice of Medicine. 



BY 



AMERICAN TEACHERS 



EDITED BY 



WILLIAM PEPPER, M.D., LL.D., 

Provost and Professor of the Theory and Practice of Medicine and of 

Clinical Medicine. 



To be completed in two Handsome Royal Octavo Volumes of 
about 1000 pages each, with Illustrations to Eluci- 
date the Text wherever Necessary. 



Price per Volume^ Cloth^SS.OO; Sheep, $6.00; 

Half Rtissia, $7*00. 

ASSOCIATE AUTHORS. 

J. S. BILLINGS, M.D., 

Professor of Hygiene, University of Pennsylvania. 

FRANCIS DELAFIELD, M.D., 

Professor of Pathology and Practice of Medicine, College of Physicians 
and Surgeons, New York City. 

R. H. FITZ, M.D., 

Shattuck Professor of Pathological Anatomy, Harvard Medical School. 

JAMES W. HOLLAND, M.D., 

Professor of Medical Chemistry and Toxicology, Jefferson Medical Col- 
}ege, Philadelphia. 



E. G. JANEWAY, M.D., 

Professor of Principles and Practice of Medicine, Bollovue Ilo^pital Med- 
ical College, New York City. 

HENRY M. LYMAN, M.D., 

Professor of Principles an<l Practice of Me<licine, Rush Medical College, 
Chicago, 111. 

WILLIAM OSLER, M.D., 

Professor of Practice of Me<licine, Johns Hopkins UniverHity, Balti- 
more, Md. 

W. GILMAN THOMPSON, M.D., 

Professor of Physiology, New York University Medical College. 

W. H. WELCH, M.D., 

Professor of Pathology, Johns Hopkins University, Baltimore, Md. 

JAMES T. WHITTAKER, M.D., 

Professor of the Theory and Practice of Medicine and Clinical Medicine, 
Medical College of Ohio. Cincinnati, Ohio. 

JAMES C. WILSON, M.D., 

Professor of Practice of Medicine and Clinical Medicine, Jefferson Med- 
ical College, Philadelphia. 

HORATIO C. WOOD, M.D., 

Professor of Materia Medica, Pharmacy, and General Therapeutics, and 
Clinical Professor of Nervous Dineases, University of Pennsylvania. 

This, the latest work on a most important subject, will 
contain in a comparatively small space the experience and 
teachings of a number of the best-known Medical Men of 
America, presented in a terse, practical, and authoritative 
style. Especial prominence will be given to Symptomatol- 
ogy, Diagnosis, Prognosis, and Treatment, other sections 
receiving attention in proportion to their importance. 

Under the head of Treatment, a large number of Form- 
ulse will be given by each author. 

It will be issued in two handsome Royal Octavo volumes 
of about 900 pages each, with very complete Indices, 
printed on heavy paper, from good, clear type, with Illus- 
trations to elucidate the text wherever necessary. 
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Now Beady— Second Revised Bdition. 






MEDICAL DIAGNOSIS. 

BY 

DR. OSWALD VIERORDT, 

S Professor of Medicine at the University of Heidelberg, formerly Priyat 
§ Docent at University of Leipzig, Professor of Medicine and Director 
c^ of the Medical Polyclinic at the University of Jena. 

g Translated, with Additions, from the Second Enlarged German 
|S Edition, with the Author's Permission, 
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BY 



I FRANCIS H. STUART, A.M., M.D., 

2 Member of the Medical Society of the County of Kings, New York, 
Q Fellow of the New York Academy of Medicine, Member of the 

*CS British Medical Association, etc. 

in one handsome royal octavo volume of 700 pages. 

178 fine wood-cuts in text, many of whioh are in colors. 
Brice] Clothe $4.00 net; Sheep 9 $5.00 net. 

^ THIS VALUABLE WORK IS NOW PUBLISHED IN GERMAN, ENGLISH, RUSSIAN, 
**1 AND ITALIAN. 

S This important accession to the text-books of 1891 will be wel- 
^ corned by both the Student and the Practitioner, giving, as it does, 
^ in a eoncise and clear manner, the experience of one of Germany* s 
$ most profound scholars and specialists in this branch of the practice 
§ of medicine. 

^ In this work, as in no other hitherto published upon the subject, 
are given full and accurate explanations of the phenomena observed 
0^ at the bedside. It is distinctly a clinical work by a master teacher, 
^ characterized by thoroughness, fulness, and accuracy. It is a mine 
^ of information upon the points that are so often passed over without 
^ explanation. The student who is familiar with its contents will 
have a sound foundation for the practice of his profession. 

The author gives a complete, though brief, presentation of the 

micro-organisms whose recognition and discrimination are made 

possible by cultivation and inoculation, and which, through the 

labors of those eminent bacteriologists — Pasteur, Eoch, and others 

—bare already made such a marked e\i«ii%e Va \Vift sip^Ucation of 

'^ial agents in the cure of disiiaae. 
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I IK FREPASATION. READY SHORTLY. 
A NEW 
'onouncing Dictionary of Medicine. 
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JOHN M. KEATING, M.D., 

> College of Phjsiciana or PhiladelphiR ; Visiting Ohstetrifliiin to I 

I fliiladetpbia Uoepital, and Leotumr un Diseases of Women nod Chit- 

dreo ; Gynfficologiat to St. Joaoph'a Hospital ; Surgeon to 

the Maternity Hwpital, etc; Editor " Cjolo- 

p^ia of Diseases of Childreo," 



HENRV HAMILTON, 

into Kngliflh Rbyme; 



Price, Cloth, $5.00; Sheep, $6.00, 



A TolaminouB and exhaustive hanilbook of 

Medical, Surgical, and Scientific Terminology, 
containing conoifie exjilauations of tlia various tunns nii«d in Medicine 
and the allied Bciences, with 

Phonetic Pronunciation, Accentuation, Etymology, etc. 

The work will form a very haiidflome royal 8vo volume, beaatifully 
'or the wvrk, on pa/ier manu/iKtaral /or 
it important tables of 
Baolill, MiorocDool, Leucomainea, Ptomaine*, etc. etc., 
tlie whole forming the most coniplute, teliahle, and vnlaable Diction- 
ary in the market. 

It has been the aim of the PnhliBhet to pUoe in tile hands of stu- 
dents and the medical profession a work whiuh should contain tlie 
names of Hundredi of Hen Wordi now being adopted, and at the same 
time, by leaving out Hie numerons obsolole tarmi conliineit m moit Die- 
tioniriei. keep the volume of sui'h b sjie as to be must oouvenient for 



JJ 



EX 



POCKET MEDICAL LEnOON; 

Dictionary of Terms and Words used in Medidne and Su^erji 

By JOHX M. KEATING, M.D., 
Editor of *«CydopaDdia of DiKaaes of Clifklfeii.*' ele. : Aiitiior of ^ 
''New ProooQiicliic DktkMianr of Medieiiie,** 

▲XD 

HEKRY HAMILTON, 

Aotiior of **A New TransUdon of YirgO's Jlneld into English Yemf 
Co-author of a ''New Prooomieiiig Diedoiiaryof Medicine." 



Prioe, 76 Centi, Cloth. $L00, Leather ToAi. 



I 




This new and oomprebenslTe 
work of reference is the oatoome 
of a demand for a more modern 
handbook of its class than those 
at present on the market,whicli, 
dating as thej do from 1855 to 
1884, are of bat trifling use to 
the stndent bj their not con* 
taining the hundreds of new 
words now used in current lit- 
erature, especially those relat- 
ing to Electricitj and Bacteri- 
ologj. 



/'f^jfv^^n^ 



jlnnats of €fynweotofnf* PhUa- 

— ^ deipMa, I^eeetnber, 1890, 

Saunders* Pocket Medical Lexi- 
con—a very complete little work, 
invaluable to every student of 

— B — medicine. It not only contains a 
very large number of words, but 

: — AT- *lso tables of etymological factors 
common in medical terminology ; 
abbreviations used in medicine, 
(From Appendix to Medical Le^Vcotv.^ v<^lsoua aud antidotes, etc. 



Xow Beadff^Fourfh Edition. 

CONTAININO 
"HIPa'Ta ON I3ISSE0XI01T." 

Essentials of Anatomy and Manual of Practical 
Dissection. 

By CHABLES B. NANCREDE, M.D., 

ot Surgery and Clinical SurRery In tlie Unlveralty of Mlchlgna, Ann 
ur: Correipoiidlng Member uf [he Hoyal Academy or Medicine. 
Borne, Italy; late fiurgeuu Jeflerson Medical College, etc. etc 



With B*DdMB( Fall-pigi Lltbogrftplile Plitei Id Colon. OTer 100 lllutrktlou. 

No palDS or expenge has been spared to make this work the moat eibaustlve 
TPt ccinclsf Student's Manual of Anatomy and Ulssectlon e>er publlslied, either 
In this country or Europe. 

The colored plates nre designed to aid the student In dlssectlne the muscles, 
arteries, veins, and nerves. For thlsedlUon the woodcuts have Si been speci- 
llly drawn and engraveil, nnd an Appendix added containing W Illustrations 

represeutiug the structured the entire h -'- ' -..--.—.- ^-—^ — 

the eleventh e("" - -■ ■ ■ 

Tolume of 01 



d lormlng a handsome post S?o 




Price, Extra Cioin or Oiioioin for ine DUsection-Room, $2.00 Net. 
Medioal Sheep 2.50 " 



fj 



DISEASES OF THE EYE. 

X -AXC-aCXX OF OPHTHALiilC PRACTICE 
^ *i. E. K SCUWKIMTZ. MJ).- 







•fMORAHiaOOK«. 

tf« •rifiMl. Mi til 



$4.00 f Amp, #ff.OO. 



TV« objtft c£ rfaif BOBii b to | B€jm to tfw itodait wlio is be- 

pnmiag work m r!ie Md of ^fMkaihoolQgjr a plam doKripdoo of 

the opcnl •iietVcts and &am of l3Lt eye. To tins end speciil 

amtntioci Isb been paid to tke diaieal ade of tfw qocfltion ; and the 

m^:h->i5 '::' •rx^miiuinoiu the srinptoaiatcdogy lea^ng to a diagnosis, 

an*j the tn>d:mer.: ot' the Tmrioos ocular defects hare been bronglit 

into «ficrt.lal prcmir.oDCi?. Anatomj, phjsiolqgy, and pathological 

histology. e.\i v^ t in $0 tar as they aenre the purpose just stated, 

have be*=-n omitt»-d. The sections deroted to optical principles and 

the normal and abnormal refraction of the eye in lai^ pmtion have 

been written by Dr. James Wallace, Chief of the Eye Dispensary of 

the University Hospital. The chapter devoted to the application 

of the shadow- test has been prepared by Dr. Edward Jackson. The 

lKK)k will be suitably illustrated by a number of wood-cuts, many of 

them from cases in the practice of the author, in addition to which 

then; will be several chromo-lithographs. 
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IN PBEPAHATION. 

DISEASES OF WOMEN. 

Br HENRY J. (JARRIGUES, A.M., M.D., 

ProfeaKir of Otstiitriiia in the New Vork Fc»t-Gr>duate Medicftl Sohool ana 

Uospitftl i Gynamologist to St. Murk's Hospital in New York City ; GynB- 

cologist lo the Qerraan Dispanjnry iu the City oE Kew York ; Con- 

HultiDg Obstetricinn to the Sew York Infant Asylum; ObBtetrio 

I Burgeon to tho New York Maternity Hoipilal; Fellow of 

^^M the American Oynteoo logical Sociflty ; FdIIoit of tbe 

^^^ New York AcademyofModiainsi PreeUlentof tbe 

^^H Ocrmnn Medical Eooiety of tbe City of New 

^^M Yoik, eto. etc 

It is the intention of the writer to provide a praotical manual on 
OfDiecology, for the use of students and prBctitioners, in as ooncise a 
manner as is compatible with clearaess. 



Syllabus of Obstetrical Lectures 

the Medical Department, Uoiveisity of Peuisylvania. 



^bi the Uedh 

^B Br RIi 

^H Price, Old 



By RICHARD C- NORRIS, A.M., M.D., 

ON OBSTBTKICS in the L'NIVEiaiTT OF rENNSYLYAN 

id Edition thsroug;hly revised and enlarged. 

Price, Olotb, Interleaved for Hotea . . . $2.00 Net. 



Tlie Kew York Medical Record of April 19, 1890, referring to thi» 
book, says : "Thia modest littlo work is so far superior to otbera on 
the samu subject that we take pleasure in calling attention brieity to 
its excellent featurea. Small as it is, it covers the subject Ihoroughlj, 
and will prove invaluable to both the Btudent and the practitioner as 
a means of fixing In a clear and concise form the knowledge derived 
from a perusal of the larger text-books. The author deserve^ g''''*' 
credit for the manner iu whioh he Las performed his work. He has 
iiitrodaced a number of valuable hints wbloli would only occur to one 
who WM himself an HxperiencBd teacher of obatutrios. The subject- 
matter is clear, forcible, and modern. We are especially pleased with 
the portion devoted to the practical duties of the accoucheur, care of 
the child, etc. Tbe paragraphs on antiaeptici are admirable ; there 
is no doubtful tone in the directions given. Nn details are regarded 
as nnimportaiit ; no mitior raatters omlttod, We venture to say thai 
even the old practitioner will find useful hints in this direction which 
be oauDoI afford to deplse." 



JUST READY. 



SAUNDERS' 

PocM ledical Forinalarr. 

BY 

WILLIAM M. POWELL, M. D., 

Attending Physician to the Moroer House for Invalid Women, at Atlantic City, 
N. J. ; Late Phv^ioian to the Clinic for the Diseases of Children in the 
Uoepital of the University of Pennsylvania and St. Clement's 
Hoepital ; Instructor in Physical Diagnosis in the Medical 
DeiHirtnient of the University of Pennsylvania, and 
Chief of the Medical Clinic of the Philadelphia 

Polyclinic. 



Oontaininff 1760 Formulsd, selected firoxu several hundreds 

of the best-known authorities. 



Forming a Handsome and Convenient Pocket Companion of 

about 275 printed pages, with blank leaves for additions. 

Handsomely bound in Morocco, with side index, 

wallet and flap. 



A concise, clear, and correct record of the many hundreds of famous 
formulce which are found scattered through the works of the 

Most Eminent Physicians and Surgeons 

of the world; particularly helpful to the student and young practitioner, 
as it gives him a taste for writing his prescriptions in an elegant and 
correct manner, thus avoiding incompatible and dangerous prescriptions. 
The use of this work is to be recommended even to the older prac- 
titioner, as through it he becomes acquainted with numerous formulae 
which are not found in text- books, but have been collected from among 
the 

Rising Generation of the Profession, College Prof essorsi and 

Hospital Physicians and Surgeons. 
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NOW BEADY. 



NEW AND REVISED EDITIONS OF 



SAUNDERS' 

QUESTION COMPENDS. 

Arranged in Qnestion and Answer Form. 

The Latest, Cheapest, and Best 
ILLUSTRATED SERIES OF COMPENDS EVER ISSUED. 



THE ADVANTAGES OP QUESTIONS AND 

ANSWERS The usefulness of arranging the subjects in 

the form of Question9 and Ahs'wers will be apparent, 
since the student, in reading the standard works, often is at 

« 

a loss to discover the important points to be remembered, 
and is equally puzzled when he attempts to formulate ideas 
as to the manner in which the Questions could be put 
in the Examination- Room. 



These small works, which can be conveniently carried in the pocket, 
contain in a condensed form the teachings of the most popular 
tezt-books. 

The authors are nearly all connected with the various colleges as 
Demonstrators or Lecturers* and are therefore thoroughly conver- 
sant, not only with the wants of the average student, but also with 
the points that are absolutely necessary to be remembered in 
the Examination-Room. These books are constantly in the hands 
of their authors for revision, and are kept well up to the times, their 
fast sale allowing them to be almost entirely rewritten whenever 
necessary, instead of having to wait for the edition to be sold, as is 
the case with an ordinary text-book. 
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No. 1. 

ESSENTIALS or PHYSIOLOGY. 



H. A. HARE, M.D., 

Protessw of Therapeutics and Matericn, Medina In tlie Jefterson Medienl C 

lege ot PkiUdelphLi: Phyalclao to St Aitnes' HnapUal and to t 

Medlcul Dispensary oltlie Children's Buspital; LanreaMot 

tbe Royal Academy ot Medlclus In Belgium, ot the 

Medical Society ot London, etc : Seuretary 

at the Convention tortile Revlalunot 

tlie rharniacopoela. 139a 




NUMEROUS ILLUSTRATIONS. 

Third Edition, rerised aod eular^ b; tlie addition at a series tf, 

liandsome plate illnstratioDS taben froui the celebrated 

"Icones Nerronuu Capitis" of Arnold. 

Cloth, $1.00 net. InfePJeaved for notes, $I.2S net 



Uiiii-ersily Mfdical Magatint 

Ootolwr, 18S8 " Dr. Hare hw 

sdmirablj snccet^ded in gathel 
lug together a Beriea or Qaot 
tiong nliich are clently put ant 
teraely answered." 

Ihti/ic Mtiiical Journal, Oeta 

ber, 1889 " Hare's Physiologj 

oontaina the essenceB of its siA 
ject. No better Inok has era 
t>eeD prodnoed, and every Btn 
dent would do nell to poeseBB i 
cMpy." 

Tmies and Regiittr, Philadel 
phis, October S, 1869.—" In tli 
seooud edition of Hare's Phyij 
ology alt tlie more diffioalt poin| 
of the etadf of the nervoDB syl 
teni have been ulucidated. 4 
the work now appears it csunii 
fail to merit the appreciation { 
the overworked atudent." 




Essentials of sur&ery. 



sal Diseases, Surgical Landmarks, Minor and Operative Sur 
tfery, and a Complete Description, togettier with full Illustra- 
tions, of the Handkerchief and Roller Bandage. 

By EDWARD MARTIN, A.M., M.D., 

ml Pro(essoro( Gen ito- Urinary Diseases, I iisH'nc tor in Openillva Siii 

I SeiTi and Lecturer ou Mlnoi Surgery, University of Fenusylvaula; 

BurEeuD to the Howsril Uoniiilivl : Assistant SurEeon bi tlie 

University Hoapltal, etc etc. 



PROFUSELY ILI.rsTKATBD. 

FOURTH EDITION, 
■Iderablf enlarged hj an Appendix containing fiill directions 
and prescriptions for tlie preparatjon of the various mate- 
rials UHed In iNTISGPriC SITROERY ; also sev- 
eral hnnilred recipes covering the medical 
treatment of snrgical oRectlons. 
Price, Cloth, Si-do. Interleaved for Notes, $1.25. 
idieai and Surgiml Kfporl/r, 
%bnMry, IK89,—" Martin's Sur- 
gnf J oOEtnin! all nwesfary essen- 
tials oT modGm flurgerj in a, 00m- 
paratiTsly smsll r.paoe. ItA style 
is ioterasting and its illostrstiaos 
adminibie." 

UMmrtily Medieat Mhsndiie, 

January, 1889 " Dr. Mnrtin lias 

■dmirabl; sucoeeded in selecting 
and rBtaining just wlint is oeoeii- 
sary for parposes nf oisminstion, 
■od pulling it in miint oioollont 
shapa for referonoe and meuior- 
iiing." 

Kaiuai Cby Medical Reaird.— 
"Martin's S urge ry.^T his admir- 
able ooinpend ia well up in the 




ESSENTIALS OF ANATOMY, 

Iiicludiug tlie Anatomy of the Viscera. 
Bv CHARLES B. NANCREDE, M.D., 

fn-ruiKrur f<ui|{<ir; jiDdClinicftl Kurger; in Uio rniyemtj gf Mi^igU 

Ann Arbiir i CorrMpondinK Msmbar r>r [Jie R0711I Academj »t 

Mwtiaine, Rnmo. Italy j LMd Surgoon Jcffemn 

MtKtlciil C'llleKfl. bU- b«i. 

ONE HUNDRED AND FORTY FINE WOODCUTS 

J'HIUD EDITION. 

enlarged by an Appendix containing over Sixty illustralioili tf 

the Osteology of the Human Body. 

TbB irliole based upon tbe last (elereath) edition o[ 

ORAT'S ANATOMT. 

I'rioo, Cloth* 91.00. luterleaved for Notes, «1.2o. 

AnmriraH PraiHilimi'r anJ 
Newt, February 16, ISbD, 
" Nsncredtt's Anatomy-— 
For titilf-quiziiiig and keep- 
in 6 fresh in mind llio 
k[ji>w ledge of Analcinj 
gains at suhool, it wnold 
uot bri easy to spwak of it 
loo faTorable." 

CiK/on 

tionft. Janunry IS, 1860. 

" Naiiereda'B Analomj.— 

Ver.v accurala and trnat- 

Praditiimer and 

News, LoulseiUe, Kentucky. 
" Nanoredu'fl Analomy. — 
Truly Bnuh a book as v 
student can afford to 1 
without." 




No. 4. 



Essentials of Medical Chemistry 



OBOANIC AND INOBOANIC. 

CONTAINING, ALSO, 

Questions on Medical Physics, Chemical Physiology, 
Analytical Processes, Urinalysis, and Toxicology. 

BY 

LAWRENCE WOLFF, M.D., 

Demonstrator of Chemistry, Jefferson Medical College ; Visiting Physioian 

to German Hospital of Philadelphia ; Member of Philadelphia 

College of Pharmacy, etc. etc. 

THIRD AND REVISED EDITION, WITH AN APPENDIX. 



Price, Cloth, $1.00. Interleaved for Notes, $1.25. 



Cinrimmti Medical Nevjs, January, 1889. — " Wolff's Chemistry. —A little 
work that can be carried in the pocket, for ready reference in solving difficult 
problems.'* 

St. Joseph'' s Medical Herald, March, 1889. — "Dr. Wolff explains most 
simply the knotty and difficult points in chemistry, and the book is therefore 
well suited for use in medical schools." 

Medical and Surgical Reporter, November, 1889. — "We could wish that 
more books like this would be written, in order that medical students might 
thus early become more interested in what is often a difficult and uninterest- 
ing branch of medical study." 

Reffistered Pharmacist, Chicago, December, 1890.— " Wolff 's Chemistry." 
— " The author is thoroughly familiar with his subjects. A useful addition to 
the medical and pharmaceutical library." 
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ESSEFTIAIS OF OBSTETEIR 

Bt W. EASTEBLV ASHTON, M.D.. 



15 II*I.nSTRAT10NS- 
Third Edttion, thoroughly revised and Enlaced. 

PitoK Cloti^ «1.0a iBtHiMved foi Kotea, SL^S 




Sotttkttn ProfiiiiBiur. Janusr;. 189(1. — A.>.hlon'9 Obstetries.— An «m* 
little Talume Doatitiiiing oorreat and praetini knoirledge. An ftdcnlralile 
panel, Kud the bMt eandeoaBtion ire hare leen." 

CAieago MtdiciU Tima.—-' A^hton's Obetetriet.— Of oitremfl ralaa U 
dants, aad an aieellenl liltle booh to freehen ap the memor; of th« pi 



Nem York Medkal Ahuracl, April, 189l>.— " Asbton's Obstetrioa shoul 
" tailed b; tbe medioal Btndent aotll he can anawer ever; qaenion att 
e preetltioner nauld also da well to glnnne at the book now and tbt 
vent h» knowledge from getlinKiasls." 



No. 6. 

. ESSENTIALS 
iPathology aad Morbid Anatomy. 



X. AIIAND SEMPLI, B.A, LB, CnUi, I.S.A, I.B.C.P, loid, 

FhjnioiaD to the Northeutern HoepitJil for ChiEdreD. Barkoe; ; Pro- 



ILLUSTRATED. FOURTH THOXJSAND. 



Fri€e, Cloth, $1.00. Interleaved for Notes, $l.!iS. 



From th. 


iColkge 


a,ui CUaieal Rtcord, 


September, 


18S9.-' 


" A email 


work upon 


PatholDg; 1 


ind Morbid Anawinj, that re- 


dnoea auch oomplei 


Bubjecta ( 


io the ready 




e Etudent and practi- 


tioner, is i 


1 very a 


ccepUble 


addition (o 


mediral lit< 


irature. 


All the 1 


more modern 


topics, such 


u Bacteria and 


Bacilli, and 


the moat recent vie< 


rs as to U 


Tinary Path- 


.niogy, find i 


I place h. 


ere, and i 


n the hands 


of . writer 


and teac 




d in the art 


of nimplifyi 


ng sb-tr 


use and difficult sub- 


JMts for eai 


-J compri 


ihensinn i 


.re rendered 



thoronghly i 



the 



' phyaici 




Specimen of Illustrations. 



workf for psteing inrorraatinn at the ti 

It is abaolntely needed, hut a book like ( 

of Dr. Semple's can be taken up and perused continuoosly to the profit and 

indtmetion nf the reader." 

Indiajia Medical Journal, December. 1S89.—" Semple's Pathology and 
Morbid Anatomy. — An excellent oonipend of the iuhjeot from the paints of 
Tiow of Green and Payne." 

Cineifiiiali Medieai Ntit-a, Kovember, 1889.— Somple'i Pathology and Mor- 
bid Anatomy.— A Taloable little volume— truly a raubum in panto." 
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OP 



Materia Medica, Therapeutics, 



AND 



PRESCRIPTION WRITING. 



BY 



HENRY MORRIS, M.D., 

Late Demonstrator, Jefferson Medical College ; Fellow College of Physicians, 

Philadelphia ; Co-editor Biddle's Materia Medica ; Visiting 

Physician to St. Joseph's Hospital, etc. etc. 



SECOND EDITION. FOURTH THOUSAND. 



Price, Cloth, $1.00. Interleaved for Notes, $1.25. 



Medical and Surgical Reporter, October, 1889. 

"Morris* Materia Medica and Therapeutics. — One of the best compends in 
this series. Concise, pithy, and clear, well-suited to the purpose for which it 
is prepared." 

Gaillard's Medical Journal, November, 1889. 

** Morris* Materia Medica. — The very essence of Materia Medica and Thera- 
peutics boiled down and presented in a clear and readable style." 

Sanitarium, New York, January, 1890. 
"Morris' Materia Medica.— A well-arranged quiz-book, comprising the 
most important recent remedies." 

Buffalo Medical and Surgical Journal, January, 1890. 

"Morris* Materia Medica. — The subjects are treated in such a unique and 
attractive manner that they cannot fail to impress the mind and instruct w 
a lasting manner.** 
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Nob. 8 and 9. 

Essentials of Practice of Medicine. 

By henry morris, M.D., 

Author of " Essentials of Materia Medica," etc. 

With an Appendix on the Clinical and Microscopical 

Examination of Urine. 

By LAWRENCE WOLFF, M.D., 

Author of " Essentials of Medical Chemistry/' etc. 



COLORED (VOGEL) URINE SCALE AND NUMEROUS 

FINE ILLUSTRATIONS. 



SECOND EDITION, 

Enlarged by some THREE HUNDRED Essential 

Formulae, selected from the writings of the 

most eminent authorities of the 

Medical Profession. 

COLLECTED AND ARRANGED BY 

WILLIAM M. POWELL, M.D., 

Author of " Essentials of Diseases of Children.** 



Price, Clotli, $S.OO. Medical Sheep, $S.50. 

Southern Practitioner, Nashville, Tenn., January, 1891. 
"Morris' Practioe of Medicine. — Of material aid to the advanced student 
in preparing for his degree, and to the young practitioner in diagnosing affec- 
tions or selecting the proper remedy.*' 

American Practitioner and News, Louisville, Ky., January, 1891. 
"Morris' Practice of Medicine. — The teaching is sound, the presentation 
graphic, matter as full as might be desired, and the style attractive." 

Southern Medical Record, January, 1891. 
"Morris' Practice of Medicine is presented to the reader in the form of 
Questions and Answers, thereby calling attention to the most important lead- 
ing facts, which is not only desirable, but indispensable to an acquaintance 
with the essentials of medicine. The book is all it pretends to be, and we 
cheerfully recommend it to medical students." 
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KPWIN B. CRAIGIN. M.D.. 

(iyn^coloKiJl. Roosevelt Hotpiul, Out-PuUent 



Deputnenl 



1, New York C.n 

58 FINE ILLUSTRATIONS. 
SECOND EDITIOH. 
rrlirv, Cluth, #1.00. Interleave for Kotes, $IS 




Medical and Strglail B" 
porrer, April,18B0.— "Cwig- 
gia'B EsHuntlals of Ojatifi-- 
ogy. — This is a moal rtwl- 
Itrnt addition to tbis serli* 
of queation uompeudB, ><"' 
properly used will be "' 
great saaisUnoe to tht eta- 
ilent in prepsrinR tor e«- 
atuinatioii. Dr. Crai^n Is 
W bH oongratolated up"" 
li*»iug produmd in !«*■ 
piict rarm the BeanQtiilB ol 
(iyniBoology. ThB ilyle ■' 



t the » 



.B the SI 



Specimen o( Illustcatlons. 



J rounded. This rondersllia 

l>ook fur morw sasy to rend 
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' adds distinctly to i to »*10B." 
Cullejjf and ainical RtMrd, 
April, 1890. — "Craiglo'i 
Gy n lecology . — Students and 
praotitinners, general or spe- 
cial, uTHn derive in foimatiaB 
and IwDaBt from th*t perttMt 
and atiidy of a carefully 
written work like this." 



Essentials of Diseases of the Skin. 



■rnaloQy In 

74 rLLUSTaATIONS, muiy of wbioh are origiiial. 



SECOND EDITION. 



Prioe, Cloth, $1.00. Interleaved for Notes, $IJS. 
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tology. The little book now before us is well entitled "Essentials of 
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We are pleased witb tbe handiome appearance of the book, with i 
type, good paper, and flna wood-cuU, " 
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ESSENTIALS 



OF 



legal Medicine, Toxicology, 
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BY 

G. K ARMAXD SEilPLE, M.D., 

Author of *^ EBKndals of Pathology and Morbid Anatomj.'* 



lao ILLUSTRATIONS. 



uCMh $1.00. 

ImieHeaved for Xaies • • • • IJ^Sm 



SorTHESJ Pbactitioves, Xashrille, Majr, 1:990. 

"Semple's Legal Medicine, «tc. — At the present time, vhen flie 
field of medical science, br reason of rapid progress, becomes so rasA, 
a book vhich contains the essentials of anr branch or department of 
it, in concise, jet readable form, most of neoessitr be of ralne. This 
little brochnre, as its title indicates, ooren a portion of medical sciei 
that is to a great extent too moch neglected bj the student, br 
of the rastncss of the entire field and the rolnminoos amoont of matter 
pertaining to what be deems more important departments. The lead- 
ing points, the essentials, are here sommed up srstematieaUj and 
cleartT." 

Memcal BaiEF, 5t. Lonis, Maj, 1S90. 

'* Semple's Legal M^idoe, ToziooU'gj, and Hrgiene. — ^A fair sample 
of Saunders' raluable c<>mpends for the stadent and practitioner. It 
is handsomelj printed and illcutrated, and concise and clear in its 

teachings." 
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COLORED (VOGEL) URINE SCALE AND NUMEROUS 
laUSTRATIONS. 



75 Cents. 



UmvEKBiTT Medical Haoazibe, 

Junn, 1890. 

" Wolff 's Examination of the 

Urine, — A littlti work of decided 

Medical Record, New York, 
August 23, 1890. 
"Wolff's Examination of 
Urine. — A good manual for 
Etudents, irell written, and 
anawera, categorically, man; 
qnostions beginners are sure 
to aah." 



Hehfhls Medical Mohthlv, Memphis, Tennessee, Jane, 1690. . 
"Wolff's Kxamiuatlon of Urine. — The book is practical in oh*'- 
tuttor, oomiirebensWo as is daairsAAB, MnitnaeliiB.'AVa'awfc^- 
iii ^ifa atudW." 
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BY 

WILLIAM M. POWELL, M.D., 

Attending Physician to the Mercer House for Invalid Women, at Atlantic 
City, N. J. ; Late Physician to the Clinic for the Diseases of Chil- 
dren in the Hospital of the University of Pennsylvania and 
St. Clement's Hospital ; Instructor in Physical Diag- 
nosis in the Medical Department of the Uni- 
versity of Pennsylvania, and Chief of 
the Medieal Clinic of the Phil- 
adelphia Polyclinic. 



Price, Cloth $1.00. 

Interieaved for Notes • .. • • 1.25. 



American Pbactitioneb and News, Louisville, Ky., December 20, 1890. 

"Poweirs Diseases of Children. — ^This work is gotten up in the 
clear and attractive style that characterizes the Saunders' Series. It 
contains in appropriate form the gist of all the best works in the de- 
partment to which it relates.*' 

SoDTHEBN Pbactitioneb, Nashville, Tennessee, November, 1890. 

" Dr. Powell's little book is a marvel of condensation. Handsome 
binding, good paper, and clear type add to. its attractiveness." 

' Annals of Gtnjbcoloot, Philadelphia, December, 1890. 

'* Powell's Diseases of Children. — The book contains a series of im- 
portant questions and answers, which the student will find of great 
atiliiy in the examination of children." 
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75 Cents. 




Specimen ot UlustraUons. 



L'mtersitt Medical Maoazike, 

Juut, 1890, 

" Wolff 's Examination of the 

Urine. — A little work of decided 

Ubdical Record, N«w York, 
August 23, 1890. 
"Wolff'3 Examination ol 
Urine. — A good manual for 
students, irell written, and 
answers, categorically, njanj 
questions beginners are sure 



Memphis Medical Montrlv, Memphis, Teniieaaee, June, 1890. 
"Wolff's Examination of Urine. — The book is practical in char- 
acter, comprehensive as is desirable, and a nseful aid to the student 
/n Jiis sludies." 
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PRACTICE OF PHARMACY, 



BY 



LUCIUS E. SAYRE, 

Professor of Pharmacy and Materia Medica in the University of Kansas. 



Price, Oloth, $1.00. Interleaved for NoteSi $1.25. 



Albany Medical Annals, Albany, N. Y., November, 1890. 

'^ Sayre's Essentials of Pharmacy covers a great deal of ground in 
small compass. The matter is well digested and arranged. The 
research questions are a valuable feature of the book." 

Amebican Doctor, Richmond, Va., January, 1891. 

"Sayre's Essentials of Pharmacy. — ^This very valuable little manual 
covers the ground in a most admirable manner. It contains practical 
pharmacy in a nutshell." 

National Drug Register, St. Louis, Mo., December 1, 1890. 
" Sayre's Essentials of Pharmacy. — The best quiz on pharmacy we 
have yet examined." 

Western Drug Record, November 10, 1890. 
"Sayre's Essentials of Pharmacy.— A book of only 180 pages, but 
pharmacy in a nut-shell. It is not a quiz-compend compiled to en- 
able a grocery clerk to * down* a board of pharmacy ; it is a finger- 
post guiding a student to a completer knowledge." 
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FiHce, Cloth, $1.00. Interleaved for Notes, $1.25. 
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" Tbis little book witb its beaDtiful illustrations nill gice the gtudants, iD 
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Original Illustrations. 
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Medical Bhiec, Deo., 1891. 

'■A Taluablo addition to 

of eampends, and onn that cannol 

to be appreciated h; all phfeicinm 



New York and Ptailadelphia, N 

I8B1, 

■'Dr. Shaw'! Primer is Bicel 
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inil'lD. J. BROCKWAr, M.D., 
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Price. Cloth, $1.00 net. Interleaved for Notes, $1.25 net. 
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ESSENTIALS OF DIAGNOSIS. 



S. SOLIS rOHRN. M.D., 
Clinical Lecturer on Meiiluliie. Jedeiflnn MpiIIc^I CoIIbbb, F: 

ILLUSTHATBD. 

Price, Cloth $1.00, Interleaved for Note*. $ 
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Essentials of Medical Electricity 



D. D. STEWART, M.D., 
ol Disease* ul tbe tierioua System and Chlel o[ tbe K 
linlc In Ibe JeR«r»ou Mcdtcal College: Tbyslclan u 
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SIXTY- FIVE n. LUSTRATIONS, 
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Price, In Cloth, «e.OO. 

L&T I. has been carefully prepared from the best works on physical di^nosis, 
' ' a short and succinct accounr of the methods used to ma.ke examina- 
a descriplign of the normal condition, and of the earliest evidences of 

of twenty-four Life Insurance Companies 



PRESS NOTICES, 
it practical manual on this subject that has yet been offered u 
:o the medicid examiner for life insurance. The author has had a large 
ce as a medical director of one of the great life insurance companies, 
■ it would, therefore, naturally be expected that he would deal with nolhing 
""e useful and indispensable in a work of this kind. Every life insurance 
ner ahoald possess this book, even though he may be experienced in this 
:ontaiu3 much that \s needful in the way of reference that cannot be 
, ;d elsewhere."— 5H#a/o Medical aitd Surgical Journat. 
piThis unpretentious volume, from the pen of one of our most experienced and 
ConMrvative life insurance medical directors, is just such a book as the young and 
inexperienced medical examiner needs. It is not a manual of Medical diagnosis, 
though founded upon the best works of that description. It contains those sug' 
gestive hints and recommendations that will be uselut to the medical begiimei 
and that can oniy be fumished by the man of experience,"— 7-i« /^m^i-oM 
Juimaloflht Medical Sciincii. 

" This is by far the moat useful book which has yet appeared on insurance 
ezaminalion, a subject of growing interest and importance. Not the least valu- 
able portion of the volume is Part II., which consists of instructions issued 10 
th^ examining physicians by twenty-four representative companies ot this conn- 
try. As the proofs of these instructions were corrected by the directors of the 
companies, they form the latest instructions obtainable. If for these abnc, the 
book should i>e at the right hand of every physician interested in this special 
InvQch of medical science." — TAc Medical JVcvis. 

"The volume is replete with information and sufsestions, and is a valuable 
Cimtlibation to the literature of (he medical department of life underwriters' work. 
— Tie Untied States Review (Insurance Journal). 

"Naturally, in the prevailing scheme of medical edncation, special instruction 
in the peculiar duties of the insurance examiner can have no place. The young 
j&ymcun may be nevet so good a diagnostician or pathologist, and yet fail to give 
(Misbction as a medical examiner. The book before us fills this want" — 71l4 
UmvBtriity Medical Magatine. 

■ Sent post-paid on receipt of price by the publisher. 
915 ■WaittArt, Saft«t 




The Fiske Fund Prize Essay for 1890, 

THE 

SURGICAL TREATMENT 

OF 

Wounds and Obstruction 



OP THE 



INTESTINES. 



BY 

EDWARD MARTIN, A.M., M.D., 
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HOBART A. HARE, M.D., 

Professor of Therapeutics, Jefferson Medical College ; Attending Physician 
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ILLUSTRATED. 



Price, Cloth $2.00, Net. 

** In presenting this Essay upon the Surgical Treatment of Wounds 
and Obstruction of the Intestines to the Trustees of the Fiske Fund, 
it is proper to outline the scope of our work, and to state briefly the 
facts and lines of original research upon which our conclusions are 
based. For over two years we have made experiments in the labo- 
ratory upon these subjects, and have carried out in every detail all 
the methods and modifications of operations that have been published 
or which have occurred to us in the course of our own studies. . . . 
In addition to the original work involved in studying so important 
a branch of surgery as the one before us (and which will be found 
represented, graphically, in part at least by a number of tracings), 
we have collected and placed before the reader what we believe to be 
the fullest statistics yet collected upon gunshot wounds of the abdo- 
men.** — Extract from Prbface. 
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MEDICAL DIAGNOSIS. 

BY 

DR. OSWALD VIERORDT. 



TRANSLATOR'S PREFACE. 

The work of which a translation is here offered is one of the 
best that lias yet been written upon the subject. When it first 
came into the hands of the translator he had no thought of ever 
using it except as a work of reference. But as he read it he 
became convinced that it had such merit that it would certainly 
be welcomed by a large class of readers if it were rendered into 
English. Accordingly, after communicating with the author 
and his publisher, the work of translation was begun, and has 
been prosecuted at such intervals of time as could be secured 
from an active professional life. If the work shall commend 
itself to others as it has to him, the translator will feel amply 
rewarded for the cfTort he has made to put it into their hands. 

Here and there slight additions have been made, which the 
translator trusts will increase the value of the work. A very 
full index has been prepared, which, it is believed, comprises a 
reference to every material statement in the book. 

The translation was almost completed when a copy of the 
second edition of the original was received from the publisher. 
The author has made numerous additions which have enhanced 
its value, and the translation has been made to correspond with 
this enlarged edition. It is gratifying to the translator to find 
that a second edition has so soon b^en called for, and that his 
own favorable opinion has been further confirmed by the fact 
that Italian and Russian translations of the work have been 
made. 

FRANCIS H. STUART. 

123 JORALEMON StREET, BROOKLYN, N. Y., fl^ 

March, 1891. 
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